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THE    INSTITUTE    OF    METALS 

SECTION   I. 
MINUTES    OF   PROCEEDINGS. 

ANNUAL    GENERAL    MEETING. 

The  Annual  General  Meeting  of  the  Institute  of  Metals 
was  held  at  the  Institution  of  Mechanical  Engineers,  Storey's 
Gate,  Westminster,  S.W.,  on  Thursday  and  Friday,  March  18 
and  19,  1915,  Professor  H.  C.  H.  Carpenter,  M.A.,  Ph.D., 
Vice-President,  in  the  Chair,  in  the  unavoidable  absence  on 
official  duties  of  the  President,  Engineer  Vice-Adniiral  Sir 
Henry  J.  Oram,  K.C.B.,  F.R.S. 

The  Chairman,  in  opening  the  proceedings,  said  that  he 
felt  sure  that  he  would  be  expressing  the  feelings  of  the 
members,  as  well  as  his  own,  if  he  said  how  much  they 
regretted  the  absence  of  the  President  at  the  meeting.  Sir 
Henry  Oram  had  hoped  to  attend,  and  at  any  rate  to  have 
opened  the  meeting,  but,  as  could  be  quite  well  understood,  his 
work  at  the  Admiralty  was  keeping  him  very  closely  to  his  desk, 
and  at  the  last  minute  he  had  been  prevented  from  coming. 
At  the  same  time,  while  he  was  sure  the  members  felt  that 
regret  very  keenly,  there  was  another  side.  He  (the  Chair- 
man) was  convinced  that  all  of  them  felt  a  legitimate  pride 
that  their  President  was  playing  such  an  important  part  in 
the  situation  with  which  this  country  was  faced  at  the  present 
time.  He  ventured  to  say  there  were  few  men  whose  work 
was  more  important  in  its  direct  application  to  the  successful 
prosecution  of  a  naval  war. 

The  Secretary  (Mr.  G.  Shaw  Scott,  M.Sc.)  then  read  the 
minutes  of  the  previous  meeting,  held  on  Thursday,  September 
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10,  1914,  at  the  oflSces  of  the  Institute,  which  were  found  to 
be  a  correct  record,  and  were  signed  by  the  Chairman. 

Report  of  Council. 

The  Secretary  read  the  following  Report  of  the  Council 
upon  the  work  of  the  Institute  during  the  year  1914  : — 

For  the  first  six  months  of  the  year  considei'able  progress  was  re- 
corded in  all  branches  of  the  work  of  the  Institute,  but  during  the 
latter  part  of  the  year  1914  certain  activities  of  the  Institute,  as 
shown  in  subsequent  sections  of  this  Report,  were  adversely  affected 
by  the  war. 

The  Roll  of  the  Institute. 

The  number  of  Members  on  the  roll  of  the  Institute  on  December 
31,  1914,  was  as  follows: — 

Honorary  Members 3 

Ordinary  Members 628 

Student  Members 14 

Total 645 

It  is  satisfactory  to  be  able  to  record  that  in  spite  of  the  war  there 
has  been  a  substantial  increase  in  the  total  membership,  the  net 
increase  being  19,  which  is  almost  equal  to  the  average  for  the  past 
three  years.  The  number  of  Members  actually  elected  during  the  year 
was  75  ;  the  average  for  the  three  previous  years  has  been  62.  The 
difference  between  the  number  elected  and  the  net  increase  is  ex- 
plained by  an  unusual  number  of  deaths,  of  resignations  owing  to  the 
war,  and  of  lapses  resulting  from  changes  of  address  without  notifica- 
tion. The  number  of  Student  Members,  although  these  Members 
enjoy  the  privilege  of  reduced  Entrance  Fee  and  Subscription,  shows 
a  further  decline  of  four  during  the  year.  During  the  present  year 
it  is  calculated  that  100  new  Members  will  be  needed  to  maintain  the 
progress  of  the  Institute,  and  to  cover  what  may  be  termed  "  war 
losses  "  as  well  as  ordinary  losses. 

It  is  hoped  by  the  Council  that  the  great  activity  and  expansion 
of  business  in  the  non-ferrous  metal  industry  brought  about  by  the 
war  will  result  in  such  a  willingness  on  the  part  of  those  not  already 
associated  with  the  Institute  to  become  members,  that  the  desired 
total  of  100  new  Members  will  be  readily  attained. 

The  following  table  shows  the  changes  in  the  membership  that 
have  taken  place  dux-ing  the  past  five  years ; — . 
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Dec.  31, 
1910. 

Dec.  31, 
1911. 

Dec.  31, 
1912. 

Dec.  31, 
1913. 

Dec.  31, 
1914. 

Fellows 

Honorary  Members  . 
Ordinary  Members    . 
Student  Members 

Total   . 

1 

3 

524 

23 

1 

3 

555 

27 

1 

4 

578 

23 

■■3 

604 

19 

■3 

628 

14 

551 

586            606             626 

645 

Members  on  active  service  with  His  Majesty's  Forces,  who  have 
notified  the  Institute  of  this  fact  up  to  December  31,  totalled  51, 
whilst,  in  addition,  10  were  engaged  in  emergency  work  for  the 
Admiralty  and  the  "War  Office. 

The  Council  have  to  record  with  regret  the  death,  at  the  front,  of 
Lord  Guernsey,  the  first  jSIember  of  the  Institute  to  be  killed  in 
action  during  the  war ;  of  Engineer-Commander  R.  H.  Grazebrook, 
R.N.,  killed  in  action  on  H.M.S.  Cressy^  September  22,  1914 ;  and  of 
Engineer-Captain  C.  G.  Taylor,  M.V.O.,  R.N".,  killed  in  action  on 
H.M.S.  Tiger,  January  24,  1915;  also  the  deaths  of  two  Vice-Presidents 
of  the  Institute,  Mr.  W.  H.  Johnson,  B.Sc,  and  Mr.  R.  Kaye  Gray, 
M.Inst.C.E.,  and  of  the  following  six  other  Members:  Mr.  T.  R. 
Bayliss,  Mr.  H.  Griffiths,  Mr.  W.  G.  Kirkaldy,  Mr.  G.  B.  Pearce, 
Mr.  F.  Smith,  and  Mr.  E.  S.  Sperry. 


General  Meetings. 

During  the  year  1914  three  General  Meetings  were  held.  The 
Annual  General  Meeting  took  place  in  London  on  March  17  and  18, 
when  the  newly-elected  President,  Engineer  Vice-Admiral  Sir  H.  J. 
Oram,  K.C.B.,  F.R.S.,  Engineer-in-Chief  of  the  Fleet,  occupied  the 
chair,  and  delivered  his  Inaugural  Address.  On  March  18  the  follow- 
ing Papers  were  read  and  discussed  : — 

1.  First  Report  to  the  Beilby  Research  Committee,  dealing  with  the  Solidifica- 

tion of  Metals  from  the  Liquid  State.     By  Cecil  H,  Desch,  Ph.D., 
D.Sc.  (Glasgow). 

2.  "Bronze."     By  J.  Deweance  (London). 

3.  "Vanadium  in  Brass:   The  Effects  of  Vanadium  on  the  Constitution  of 

Brass  containing  50  to  60  per  cent,  of  Copper."     By  R.  J.  Dunn,  M.Sc. 
(Manchester),  and  0.  F.  Hudson,  M.Sc.  (Birmingham). 

4.  "  The  Quantitative  Effect  of  Rapid  Cooling  on  Binary  Alloys."     Second 

Paper.     By  G.  H.  Gulliver,  B.Sc.  (Edinburgh). 

5.  First  Report  of  the  Nomenclature  Committee. 


4  Annual  General  Meeting 

G.  "The  Influence  of  Nickel  on  Some  Copper- Aluminium  AUoys."  By  Pro- 
fessor A.  A.  Read,  M.Met.,  F.I.C.  (Cardiff),  and  R.  H.  Greaves,  M.Sc. 
(Cardiff). 

7.  "  Muntz    Metal:    The  Correlation  of  Composition,  Structure,  Heat  Treat- 

ment, and  Mechanical  Properties."     By  J.  E.  Stead,  D.Sc,  D.Met., 
F.R.S.  (Middlesbrough),  and  H.  G-.  A.  Stedman  (Middlesbrough). 

8.  "The    Micro-Chemistry    of    Corrosion."    Part   II.     By  S.  Whyte,  B.Sc. 

(Glasgow),  and  Cecil  H.  Desch,  Ph.D.,  D.Sc.  (Glasgow). 

The  occasiou  of  the  next  General  Meeting  of  the  year  was  the  May 
Lecture,  which  was  delivered  on  May  12,  1914,  by  Professor  E.  Heyn 
(Berlin),  on  the  subject  of  "Internal  Strains  in  Cold  Wrought 
Metals,  and  some  Troubles  caused  thereby,"  a  full  report  of  which 
will  be  found  in  the  Journal  (Vol.  XII.). 

The  third  General  Meeting  had  been  arranged  to  take  place  at 
Portsmouth  on  September  10  and  11,  and  a  Committee,  of  which 
Mr.  Arnold  Philip,  Admiralty  Chemist,  and  Engineer-Commander 
R.  B.  Dixon,  Manager,  Engineering  Department,  Portsmouth  Dock- 
yard, were  joint  Honorary  Secretaries,  had  made  every  arrangement 
for  what  promised  to  be  an  extremely  interesting  and  successful 
gathering.  Unfortunately  the  war  intervened  and  the  meeting  had  to 
be  abandoned.  In  its  place  a  Statutory  Meeting  was  held  at  Caxton 
House,  Westminster,  S.W.,  when  all  the  Papers  that  would  in  the 
ordinary  course  of  events  have  been  presented  at  the  Portsmouth 
Meeting  were  taken  as  read,  and  arrangements  were  made  for  theii' 
publication  and  discussion  in  the  Journal.  These  Papers  were  as 
follows : — 

1.  "  The  Widmanstatten  Structure  in  Various  Alloys  and  Metals."     By  Cap- 

tain N.  T.  Belaiew  (Petrograd,  Russia). 

2.  "  The  Tensile   Properties  of  Copper  at   High   Temperatures."    By  G.  D. 

Bengough,  M.A.,  D.Sc.  (Liverpool),  and  D.  Hanson,  M.Sc.  (Middlesex), 

3.  "  The  Critical  Point  at  460°  C.  in  Zinc-Copper  Alloys."     By  0.  F.  Hudson, 

M.Sc.  (Birmingham). 

4.  "A   Note   on  the  Annealing    of    Brass."     By   F.   Johnson,   M.Sc.   (Bir- 

mingham). 

5.  "Metal  Spraying."     By  R.  K.  MoRCOM  (Birmingham). 

6.  "  The  Effect  of  Hydrogen  on  the  Annealing  of  Gold."    By  J.  Phelps,  M.A. 

(London). 

7.  "Contributions  to  the  History  of  Corrosion.     Part  III.     Coke,  Condenser 

Tubes,  and  Corrosion."     By  A.  Philip,  B.Sc,  A.R.S.M.  (Portsmouth). 

8.  "  The  Surface  Tension  of  Molten  Metals."    By  Sydney  W.  Smith,  B.Sc, 

A.R.S.M.  (London). 

9.  "  Behaviour  of  Copper-Zinc  Alloys  when  heated  in  a  Vacuum."    By  W.  E. 

Thorneycroft,  B.Sc.  (Birmingham),  and  Professor  T.  TUBNBE,  M.Sc, 
A.R.S.M.  (Birmingham). 
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The  Council  desire  to  record  their  indebtedness  to  the  Portsmouth 
Reception  Committee  for  the  excellent  arrangements  that  they  had 
made  in  readiness  for  the  Meeting,  and  for  their  kindly  expressed 
hope  that  the  Meeting  at  Portsmouth  were  only  deferred  until  happier 
times. 

The  thanks  of  the  Council  are  again  offered  to  the  Council  of  the 
Institution  of  Mechanical  Engineers  for  allowing  the  Institute  to 
use  their  building  on  the  occasions  of  the  Annual  General  Meeting 
of  the  Institute  in  March,  and  the  May  Lecture. 

Committee  Meetings. 

The  Council  has  held  monthly  meetings  throughout  the  year,  and 
the  standing  committees,  known  respectively  as  the  Corrosion  Com- 
mittee, the  Library  and  Museum  Committee,  and  the  Publication 
Committee,  have  met  regularly,  and  several  occasional  committees 
have  been  appointed  by  the  Council  for  the  consideration  of  special 
matters. 

Corrosion  Committee. 

The  Corrosion  Plant  has  been  running  during  ordinary  working 
hours  from  January  until  August.  Throughout  this  period  four  sets 
of  tubes  of  the  following  compositions  were  used  : — 

(a)  Copper,  70 ;  zinc,  30. 
(6)  Copper,  61  ;  zinc,  39. 

(c)  Copper,  70  ;  zinc,  28  ;  lead,  2. 

(d)  Copper,  70;  zinc,  29;  tin,  1. 

Of  the  many  factors  that  play  a  part  in  the  corrosion  of  condenser 
tubes  by  sea  water,  the  following  have  been  studied  in  some  detail  by 
means  of  laboratory  experiments  during  the  year  : — 

(i.)  Tlie  Composition  of  the  Metal. — Tubes  of  the  following  composi- 
tions have  been  used  : — 

(1)  Copper,  96;  tin,  4. 

(2)  Copper,  93  ;  aluminium,  7. 

Also  tubes  composed  as  (a),  (c),  and  {d)  above  mentioned. 

(ii.)  Tlie  Temperature. — Experiments  have  been  carried  out  in  sea 
water  at  30°,  50°,  and  60°  C. 

(iii.)  The  Composition  of  the  Sea  Water. — Sea  water  of  various 
degrees  of  dilution  has  been  employed,  and  the  effect  of  small  addi- 
tions of  neutral  and  acid  sodium  carbonate  has  been  tried.  Corrosion 
in  stagnant  sea  water  has  been   compared   with  that  in  sea  water 
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through  which  either  air  or  carbon  dioxide  has  been  passing  con- 
tinually. 

(iv.)  The  Surface  Condition  of  the  Metal. — Polished  specimens  of  a 
given  metal  were  compared  with  unpolished  specimens  of  the  same 
metal  in  many  of  the  experiments.  The  effect  of  a  moving  stiff- 
bristle  brush  on  the  corrosion  of  the  inner  surface  of  a  tube  was 
investigated  and  compared  with  that  of  the  outer  surface. 

Many  examples  of  corroded  tubes  from  ships'  condensers  have  been 
examined  microscopically,  and  the  data  which  bear  on  the  life-history 
of  the  tube  collected  and  compared. 

Dr.  G.  D.  Bengough,  the  Honorary  Investigator  to  the  Corrosion 
Committee,  obtained  a  commission  in  the  Royal  Garrison  Artillery 
soon  after  the  outbreak  of  war.  In  his  absence  the  experimental 
work  is  being  carried  on  by  Mr.  W.  E.  Gibbs,  M.Sc,  who  had  for 
some  time  been  assisting  Dr.  Bengough.  Mr.  Gibbs  is  acting  under 
Dr.  Bengough's  general  direction. 

In  consequence  of  the  war,  the  presentation  of  the  next  Report 
to  the  Committee  will  necessarily  be  delayed,  but  in  the  meantime 
important  data  are  being  collected  and  new  aspects  of  corrosion 
investigated. 

Beilby  Research  Prize. 

At  the  Spring  Meeting  the  Investigator  to  the  Beilby  Research 
Committee — Dr.  Cecil  H.  Desch — presented  his  first  Report  on  the 
Solidification  of  Metals  from  the  Liquid  State,  in  which  he  [reviewed 
io  great  detail  the  literature  dealing  with  this  subject,  and  gave  an 
outline  of  some  proposed  experimental  work.  During  the  past  year 
the  latter  has  been  commenced  by  Dr.  C.  H.  Desch,  who  has  had 
the  assistance  of  Mr.  S.  English,  M.Sc.,  1851  Exhibitioner,  from  the 
University  of  Shefllield.  The  experiments  which  have  been  per- 
formed were  chiefly  directed  to  the  question  of  the  relation  between 
the  external  and  internal  crystalline  structures  of  metals  solidifying 
without  constraint.  Experiments  have  also  been  made  in  regard  to 
the  cellular  structure  of  molten  solids,  and  its  influence  on  the 
process  of  crystallization.  It  has  been  found  possible  to  measure 
the  difference  of  temperature  between  different  pai-ts  of  the  same 
convection  cell,  and  thus  to  furnish  a  simple  explanation  of  some 
of  the  observed  facts. 

Information  has  also  been  collected  bearing  on  the  question  of  a 
lower  limit  to  the  size  of  crystals,  and  the  literature  on  this  subject 
is  being  arranged  and  digested.  Experiments  on  this  point  have 
been  planned,  and  will  be  undertaken  as  soon  as  time  permits.     It 
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is  the  hope  of  the  Committee  that  the  full  experimental  results  and 
conclusions  to  be  drawn  therefrom  will  be  presented  in  the  form  of 
a  second  Report  at  the  next  Autumn  Meeting. 


Nomenclature  Committee. 

The  first  Report  of  the  Committee  on  the  nomenclature  of  alloys 
was  presented  at  the  Spring  Meeting  of  1914.  Owing  to  the  absence 
of  the  Chairman  of  the  Committee,  Dr.  W.  Rosenhain,  F.R.S.,  in 
Australia  for  the  greater  part  of  the  time  that  has  elapsed  since  that 
meeting,  it  has  not  been  found  possible  for  the  Committee  to  pursue 
its  labours  beyond  the  point  reached  in  the  first  Report.  During 
the  year  the  Admiralty  nominated  additional  representatives  to  the 
Committee  in  the  persons  of  Engineer  Rear- Admiral  G.  G.  Goodwin, 
C.B.,  Deputy  Engineer-in-Chief  to  the  Admiralty,  and  Mr.  C.  H. 
Wordingham,  Superintending  Electrical  Engineer  to  the  Admiralty. 

Corresponding  Members  to  the  Council. 

During  the  past  year  the  Council  adopted  what  is  hoped  will  be 
a  useful  new  scheme  for  enabling  the  Institute  to  keep  in  touch  with 
its  Members  overseas.  They  decided  to  sanction  the  appointment  of 
a  new  class  of  member,  each  unit  of  which  is  to  be  known  as  a  Cor- 
responding Member  to  the  Council.  The  duties  of  the  new  office  are 
made  clear  fi-ora  the  following  definition  which  has  been  framed  and 
unanimously  adopted  by  the  Council  : — 

"  A  Corresponding  Member  to  the  Council  shall  further  the 
interests  of  the  Institute,  more  particularly  in  the  direction 
of  obtaining  new  Members,  advising  as  to  the  eligibility  of 
persons  residing  in  his  district  who  had  themselves  expressed 
the  desire  to  become  Members,  and  assist  in  obtaining  suitable 
Papers  for  presentation  at  the  Meetings  of  the  Institute." 

The  Council  have  pleasure  in  reporting  that  the  following  appoint- 
ments have  already  been  made  ; — 

Benedicks,  Professor  C.  A.  F.,  Sfcockholm,  Sweden. 

Frey,  J.  H.,  Zurich,  Switzerland. 

Garland,  H.,  Cairo,  Egypt. 

HoYT,  Professor  S.  L.,  Minneapolis,  U.S.A. 

Stanley,  Professor  G.  H.,  Johannesburg,  Transvaal,  S.A. 

Stansfield,  Professor  A.,  Montreal,  Canada. 

Stewardson,  G.,  Sydney,  N.S.W. 

Tawara,  Professor  K.,  Tokyo,  Japan. 
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Finance. 

Appended  to  this  Report  is  the  Account  of  Receipts  and  Payments 
as  drawn  up  by  Mr.  T.  A,  Bayliss's  predecessor  in  the  Honorary 
Treasurership,  Professor  T.  Turner,  M.Sc,  whose  period  of  office 
terminated  on  June  30,  1914,  the  date  up  to  which  the  Account  has 
been  made.  It  will  be  observed  that  the  income  for  the  year  1913-14 
amounted  to  ,£2839,  18s.  7c?.,  the  expenditure  being  £1735,  lis.  7cZ., 
a  considerable  sum  being  held  on  account  of  the  Corrosion  Account. 
The  corresponding  figures  of  general  receipts  and  payments  in  recent 
years,  together  with  the  amount  of  the  reserve  fund,  are  given  in 
the  following  table  : — 


Receipts 

Expenditure. 

Reserve  Fund 

£      s. 

d. 

£      s.     d. 

£      s.   d. 

1910-11     . 

.     2088  17 

9 

1391     3     0 

269     3  11 

1911-12     . 

.     2016     9 

4 

1405  10  11 

364  15     2 

1912-13    . 

.     2266     4 

5 

1531     2     9 

447  12  10 

1913-14    . 

.     2829  18 

7 

1735  11     7 

598  10    7 

Birmingham  Local  Section. 

The  Fourth  Session  of  the  Section  was  very  successful,  both  as 
regards  meetings  and  finance. 

The  membership  was  as  follows  : — 

Members 61 

Associates  ......     17 

Total        ...    78 

At  the  end  of  last  Session  the  total  membership  was  80.  There 
was  a  slight  falling  off  in  the  number  of  Associates  during  the  year, 
but  the  number  of  Members  has  increased. 

During  the  past  Session  the  following  Meetings  have  been  held : — 

1913. 
Tuesday,  Nov.  4.     Chairman's  Address.     By  Professor  T.  Turner,  M.Sc. 

„  „  25.     Discussion  on  "  The  Nomenclature  of  Alloys."     Opened  by 

Dr.  Kosenhain.     This  Meeting  was  open  to  all  persons 
interested  in  the  subject. 
,,      Dec.  16.     Discussion   on   "The  Proposed   History  of  the  Copper  and 
Brass  Trades." 
1914. 
,,      Jan.  20.     Paper  on  "  Vanadium  in  Brass."     By  0.  F.  Hudson,  M.Sc, 

and  R.  Dunn,  M.Sc. 
,,      Feb.  17.     Paper  on  "The  Production  of  Sound  Copper  Castings."     By 

H.  I.  COE,  M.Sc. 
„      Mar.  24.     Discussion  on  "Metallurgical  Specimens  and  Diseased  Metals." 
Arranged  by  R.  M.  Sheppard  and  L.  J.  Meyrick. 
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Many  of  the  Papers  were  illustrated  with  lantern  slides.  By  the 
kindness  of  the  Muntz  Metal  Co.,  Ltd.,  the  Meeting  on  March  24 
was  held  at  French  Walls,  and  the  interesting  and'  useful  discussion 
of  a  number  of  valuable  specimens  was  much  appreciated  by  a  large 
attendance. 

The  average  attendance  at  these  Meetings  was  : — 

24     Members  and  Associates. 
8    Visitors. 

Total     32 

The  Second  Annual  Dinner  took  place  on  May  1,  1914,  and  was 
a  very  successful  function,  the  President  of  the  Institute,  Engineer 
Vice-Admiral  Sir  H.  J.  Oram,  K.C.B.,  F.R.S.,  being  present  as  the 
guest  of  the  Section. 

The  Subscription  for  Associates  was  reduced  to  5s.  per  annum  at 
the  Annual  General  Meeting  held  in  May  1913. 

The  Fifth  Session,  1914-1915,  commenced  with  a  Meeting  in 
October. 

Publications. 

Two  volumes  of  the  Journal  were  published  in  1914,  Volume  XI. 
being  issued  in  June,  and  Volume  XII.  in  December.  It  was  at  first 
feared  that  the  latter  volume  might  suffer  owing  to  there  having 
been  no  oral  discussion  of  the  Papers  that  had  been  presented  for 
the  Portsmouth  Meeting,  and  the  Publication  Committee,  therefore, 
arranged  for  the  Abstracts  to  be  somewhat  fuller  and  more  numerous 
than  usual,  whilst  a  new  Section  was  added  containing  "  Notes,"  or 
short  Papers,  that  did  not  lend  themselves  especially  to  discussion 
at  a  General  Meeting  of  the  Institute.  Another  new  feature  to  be 
found  for  the  fii'st  time  in  Volume  XII.  is  a  double  index  of  subjects 
and  names  respectively. 

The  Council  would  call  attention  to  the  fact  that  the  Journals  now 
contain,  attached  to  the  last  page  of  the  index,  a  membership  applica- 
tion form,  which  it  is  hoped  will  be  useful  in  introducing  the  new 
members  required  during  1915. 

The  war  had  an  adverse  effect  on  the  sales  of  the  Journal,  91 
copies  having  been  sold  in  the  half-year  ended  December  31,  1914,  as 
compared  with  152  copies  in  the  six  months  ended  December  31,  1913. 

The  Council  have  pleasure  in  reporting  that  during  the  year  they 
were  advised  by  the  Ghent  Exhibition  authorities  that  the  Institute 
had  been  awarded  a  medal  for  the  exhibit  of  Journals  made  at  the 
Ghent  Exhibition  in  1913. 
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Library  and  Museum. 

Many  additions  to  the  Library  were  made  during  the  past 
year,  and  these  are  enumerated  on  pp.  257-258  of  the  Journal, 
Yol.  XII.  The  Council  would  take  this  opportunity  of  thanking  the 
many  donors  of  books  to  the  Library.  The  Museum  did  not  receive 
many  additions  during  the  period  under  review,  but  for  some  months 
it  was  removed  from  the  offices  of  the  Institute  to  the  Anglo- 
American  Exhibition  at  Shepherd's  Bush,  where  a  satisfactory 
display  was  arranged  in  a  space  kindly  given  by  the  exhibition 
authorities. 

Delegates  to  Conferences. 

In  connection  with  the  1915  Congress  of  Mining,  Metallurgy, 
Engineering,  and  Geology,  the  Council's  representatives  (Professor 
W.  Gowland,  F.R.S.  ;  Sir  Gerard  Muntz,  Bart. ;  Dr.  W.  Rosenhain, 
F.R.S.  ;  and  Mr.  G.  Shaw  Scott,  M.Sc.)  continued  to  act  until  August 
last,  when  the  Congress  was  indefinitely  postponed  owing  to  the 
war.  As  one  of  the  Guarantors  of  the  expenses  of  the  Congress,  the 
Institute  has  paid  the  sum  of  .£3,  15s.,  representing  7^  per  cent,  of 
its  guarantee  of  <£50.  On  the  Sir  William  White  Memorial  Com- 
mittee the  following  gentlemen  continued  to  act  until  the  labours  of 
that  Committee  were  concluded  : — Professor  W.  Gowland,  F.R.S. ; 
Professor  A.  K.  Huntington,  A.R.S.M.  ;  Sir  Gerard  Muntz,  Bart. ; 
Dr.  W.  Rosenhain,  F.R.S.;  and  Mr.  G.  Shaw  Scott,  M.Sc.  The 
result  of  the  Committee's  efforts  was  that  a  Research  Scholarship  of 
£100  was  established,  and  it  was  arranged  for  a  suitable  memorial  to 
be  erected  in  the  new  building  of  the  Institution  of  Civil  Engineers. 

Annual  Dinner. 

The  Fifth  Annual  Dinner  was  held  on  March  17,  and  there  was 
an  attendance  of  about  150,  among  whom  were  many  distinguished 
guests,  including  the  Presidents  of  the  Allied  Societies ;  Sir  H.  F. 
Donaldson,  K.C.B. ;  Dr.  R.  T.  Glazebrook,  C.B.,  F.R.S.;  Sir  Thomas 
Henry  Elliott,  K.C.B. ;  Colonel  Sir  Hilaro  Barlow,  Bart.,  R.A.,  C.B. ; 
Sir  Frederick  W.  Black,  Kt.,  C.B. ;  Mr.  Mervyn  O'Gorman,  C.B. ; 
Professor  E.  G.  Coker,  M.A.,  D.Sc. ;  Mr.  Leslie  S.  Robertson;  Mr. 
W.  D.  Caroe ;  and  Mr.  C.  H.  Wordingham. 

Signed  on  behalf  of  the  Council, 
H.  J.  Oram,  President. 

H.  C.  H.  Carpenter,  Vice-President. 
February  16,  1915. 
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The  Chairman  formally  moved  the  adoption  of  the  Report 
of  the  Council. 

Mr.  G.  G.  PoppLETON  (Honorary  Auditor),  in  seconding  the 
motion,  said  that  he  thought  that  the  members  of  the  Institute 
had  every  reason  to  be  satisfied  with  the  Report,  and  he  con- 
sidered that  they  ought  to  congratulate  the  Council  on  the 
very  strenuous  efforts  which  they  had  put  forward  during  the 
past  year  for  the  benefit  of  the  Institute  generally,  and,  he 
might  almost  say,  for  the  community  at  large.  They  all 
regretted  the  references  made  to  those  who  had  passed  away, 
through  the  war  and  other  causes,  but  they  were  also  glad  to 
know  that  the  membership  vs'as  still  increasing.  It  was  to  be 
hoped  that  in  the  near  future  other  members  would  be  added 
to  the  already  satisfactory  list. 

The  Chairman  said  that  before  putting  the  motion  to  the 
meeting  he  would  like  to  say  one  or  two  words.  First  of  all, 
with  regard  to  the  membership,  the  Council  felt  it  was  highly 
important  that  the  Institute  should  add  to  its  membership  as 
much  as  possible  during  the  current  year.  There  were  no  means 
of  knowing  how  the  membership  of  the  Institute  would  be 
affected  by  the  resignation,  owing  to  the  war,  of  foreign  members, 
and  therefore  the  Council  felt  that  especial  effort  was  necessary 
in  order  to  make  good  any  losses  which  might  occur  owing  to 
that  cause.  Then,  unfortunately  for  the  Corrosion  Committee, 
they  were  faced  with  a  difficulty  caused  by  the  appointment  of 
their  investigator,  Dr.  Bengough,  first  of  all  as  a  lieutenant, 
and  now  as  a  captain,  in  the  Royal  Garrison  Artillery  at 
Liverpool.  He  was  sure  that  the  members  would  appreciate 
very  highly  the  patriotic  action  of  Dr.  Bengough.  It  was  by 
no  means  improbable  that  that  gentleman  would  be  found  in 
the  firing-line  before  very  long.  The  Committee  therefore 
felt  that  they  must  make  arrangements  to  carry  on  the  work 
as  satisfactorily  as  possible  in  Dr.  Bengough's  absence.  They 
were  meeting  later  in  the  afternoon  to  consider  that  question, 
and  he  hoped  that  adequate  arrangements  might  be  made. 
Then  he  thought  all  the  members  must  feel  satisfaction  in  the 
reference  to  the  Scholarship  which  had  been  raised  in  memory 
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of  the  Institute's  first  President,  the  late  Sir  William  White — 
whose  work  on  behalf  of  the  Institute  it  was  almost  impossible 
to  overrate.  He  thought  the  establishment  of  a  memorial 
Scholarship  in  Sir  William  White's  name  for  naval  architec- 
ture and  marine  engineering  was  the  most  appropriate  memorial 
that  could  have  been  decided  upon,  and  one  of  which  Sir 
William  White  himself  would  have  approved. 

The  motion  for  the  adoption  of  the  Report  and  Accounts 
was  then  put  and  carried. 


Report  of  the  Retiring  Treasurer. 

Professor  Thomas  Turner  (Vice-President)  then  read  the 
following  Report  and  moved  its  adoption : — 

REPORT   OF   THE   HONORARY   TREASURER 

(Professor  THOMAS  TURNER,  M.Sc.) 
For  the,  Year  ending  June  30,  1914- 

In  handing  over  the  responsibility  for  the  finances  of  the  Institute 
to  the  new  Honorary  Treasurer,  it  is  satisfactory  to  know  that  the 
steady  progress  recorded  in  previous  reports  continued  during  the 
year  now  under  review. 

The  income  from  subscriptions  and  sales  of  Journals  was  well 
maintained,  whilst  strict  economy  was  exercised  by  the  Council  in 
relation  to  expenditure.  The  year  opened  with  a  total  balance  in  the 
general  fund  of  .£699,  6s.  3r7.,  of  which  .£50  was  ear-mai-ked  for  the 
Beilby  Prize,  leaving  a  net  sum  of  X649,  6s.  3d.  This  was  increased 
during  the  year  to  £794,  16s.,  a  net  addition  of  £145,  9s.  9c?.,  which 
must  be  regarded  as  very  satisfactory.  Special  reference  should  be 
made  to  the  handsome  donations  which  have  been  made  during  the 
year  in  aid  of  research  work :  for  the  Corrosion  Research  Fund 
£440,  8s.  was  received,  the  chief  contribution  being  one  of  £200,  and 
a  further  first  annual  subscription  of  £100  from  the  Brass  and  Copper 
Tube  Association.  Dr.  Beilby  also  supplemented  his  previous  gift  by 
a  further  sum  of  £100  in  aid  of  a  research  on  the  Solidification  of 
Metals  from  the  Liquid  State.  These  gifts  are  acceptable  not  merely 
for  their  intrinsic  value,  but  perhaps  still  more  as  expressions  of 
confidence  in  the  Institute,  and  of  recognition  of  the  value  and 
importance   of    the  work  which   is  being  undertaken.     Dvu-ing   the 
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period  under  review  the  Institute  did  not  suffer  from  the  effects  of 
the  European  war  ;  dovibtless,  however,  in  common  with  other  institu- 
tions, we  shall  suffer  later,  but  indications  at  the  beginning  of  1915 
point  towai-ds  the  hope  that  the  results  will  not  be  very  serious. 

The  motion  for  the  adoption  of  the  Report  having  been 
duly  seconded  and  carried, 

Mr.  T.  A.  Bayliss  (Honorary  Treasurer)  said  that  before  the 
meeting  proceeded  to  the  next  item  on  the  agenda  he  thought 
the  opportunity  presented  itself  to  the  members  of  expressing 
to  their  late  Treasurer  their  thanks  for  the  valuable  services 
he  had  rendered  from  the  very  commencement  of  the  Institute. 
If  it  had  not  been  for  Professor  Turner's  care  the  Institute 
mio-ht  have  been  in  a  very  different  position  to  that  in  which 
it  stood  at  the  present  time,  and  although  the  Council  had 
already  passed  a  vote  of  thanks  to  Professor  Turner  on  a 
previous  occasion,  he  thought  the  late  Treasurer's  services 
should  be  publicly  recognized  at  that  General  Meeting  of  the 
members.  He  therefore  had  very  much  pleasure  in  moving 
a  vote  of  thanks  to  Professor  Turner  for  his  very  valuable 
services. 

Mr.  A.  E.  Seaton  (Member  of  Council),  in  seconding  the 
motion,  said  he  had  been  present  on  many  occasions  when 
the  influence  of  Professor  Turner  had  been  exercised  in  the 
direction  of  real  and  proper  economy ;  but  on  other  occasions 
when  there  had  been  genuine  need  for  spending  money  Pro- 
fessor Turner  had  given  it  with  no  grudging,  but  still,  only 
with  a  very  careful  hand.  He  agreed,  therefore,  with  Mr. 
Bayhss  that  the  Institute  was  indebted  to  Professor  Turner 
in  no  small  measure  for  its  healthy  financial  position. 

The  motion  was  then  put  and  carried  with  acclamation. 

Professor  Turner,  in  acknowledging  the  vote,  said  that  he 
hoped  Mr.  Bayliss  would  have  as  pleasant  and  as  successful 
a  time  during  his  term  of  oflSce  as  he  himself  had  had  in  the 
past. 
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Election  of  Officeks. 

The  Chairman  then  called  upon  the  Secretary  to  announce 
the  result  of  the  ballot  for  the  election  of  officers  to  replace  the 
retiring  President,  four  Vice-Presidents,  Honorary  Treasurer, 
and  nine  Members  of  Council,  the  list  as  read  being  as 
follows : — 

President.  ^ 

Engineer  Vice-Admiral  Sir  H.  J.  Oram,  K.C.B.,  F.K.S.,  London. 


Vice-Presidents. 
G.  T.  Beilby,  LL.D.,  F.K.S 

G.  A.  BOEDDICKER  ..... 

L.  Sumner,  M.Sc 

Professor  T.  Turner,  M.Sc,  A.R.S.M.    . 

Honorary  Treasurer. 
T.  A.  Bayliss,  King's  Norton. 


Glasgow. 
Birmingham. 
Manchester. 
Birmingham. 


Members  of  Couna 

7. 

W.  H.  Allen Bedford. 

Guy  D.  Bengough,  M.A.,  D.Sc.     . 

Liverpool. 

A.  Cleghorn         .... 

Glasgow. 

J.  Dewrance         .... 

London. 

Arnold  Philip,  B.Sc,  A.R.S.M.    . 

Portsmouth 

Sir  T.  K.  Rose,  D.Sc.    . 

London. 

A.  E.  Seaton        .... 

London. 

Sir  W.  E.  Smith,  C.B.  . 

London. 

Cecil  H.  Wilson  .... 

Sheffield. 

Dr.  C.  H.  Desch  said  that  he  had  much  pleasure  in  moving 
that  a  vote  of  thanks  be  given  to  the  Members  of  the  Council 
for  their  services  during  the  past  year.  The  members  could 
see  from  the  published  results  that  the  session  had  been  a 
very  successful  one,  and  those  who  followed  with  interest  the 
working  of  the  Institute  realized  that  its  business  affairs  were 
remarkably  well  managed,  and  that  the  duties  entrusted  to 
the  Council  had  always  been  extremely  well  carried  out. 

Mr.  Sydney  W.  Smith,  in  seconding  the  motion,  said  that 
although  the  Institute  was  young,  i.t  had  already  a  tradition. 
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The  members  all  felt  that  the  Council  was  more  than  sustain- 
ing that  tradition.  They  were  very  much  indebted  to  those 
gentlemen  who  gave  so  freely  of  their  time  and  experience  in 
looking  after  their  interests. 

The  motion  was  then  put  to  the  meeting  by  Dr.  Desch  and 
carried  with  acclamation. 

The  Chairman,  in  replying  on  behalf  of  the  Council,  said 
that  he  only  wished  that  the  President  had  been  present  to 
acknowledge  the  vote.  He  was  glad,  however,  that  it  gave 
him  (the  Chairman)  the  opportunity  of  paying  his  tribute  to 
the  President  for  the  way  in  which  he  had  presided  over  the 
affairs  of  the  Institute  during  the  past  seven  months.  As  all 
the  members  knew,  Sir  Henry's  position  had  been  one  of  great 
responsibility,  but  he  thought  he  was  correct  in  saying — and 
the  Secretary  would  correct  him  if  he  was  making  a  mistake 
— that  since  the  outbreak  of  war,  in  spite  of  his  heavy  duties. 
Sir  Henry  had  missed  only  one  meeting  of  the  Council. 
Even  in  the  early  days  of  the  war,  when  he  was  so  busy  that 
he  had  to  have  a  bed  made  up  in  his  room  at  Whitehall,  he 
managed  somehow  or  another  to  come  over  and  take  charge 
of  the  Council  Meeting.  He  thought  that  Sir  Henry  deserved 
very  well  of  the  Institute. 

Election  of  Members. 

The  Secretary  then  read  the  following  list  of  names  of 
candidates  for  membership  who  had  been  duly  elected  as  a 
result  of  the  ballots  taken  in  December  1914  and  in 
March  1915. 


Name. 

Address. 

Qualifications. 

Proposers. 

Arkwright,  W.  L.  T. 

Bloomer,     Douglas 
Major 

Duram,  Ltd.,  Cax- 
ton  House,  S.W. 

"  Ferndale,"  Wood- 
stock Road,  Mose- 
ley,  Birmingham 

Director     of   Metal 
Works 

Analytical  Chemist. 
Chief  Chemist  to 
J.  Wilkes,  Sons  & 
Mapplebeck,  Ltd. 

T.  Turner. 
H.C.  H.  Carpenter. 
A.  K.    Huntington. 
C.  C.  Bamford. 
E.  Mapplebeck. 
S.  M.  Hopkins. 
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Name. 

.Address. 

Qualifications. 

Proposers. 

Crowther,  Austin 

Market    Place,   Gt. 

Metallurgical    Che- 

A. E.  Tucker. 

Bridge,  Tipton 

mist.   Chief  Assis- 

S. M.  Hopkins. 

tant  to  A.  E.  Tuc- 

G. Bill-Gozzard. 

ker,  Esq. 

Cumberland,  Elliott 

63  Lancaster  Gate, 

Proprietor  and    In- 

J. T.  Milton. 

W. 

ventor   of  the 

H.  A.  Ruck-Keene. 

Cumberland  Pro- 

R. Leslie. 

cess  for  Protection 

of  Metals 

Davis,  Albert  Leo- 

21    Quarry     Road, 

Chief  Engineer,  Al- 

R. Seligman. 

nard 

Wandsworth 

uminium       Plant 

J.  E.  Mortimer. 

Common,  S.W. 

and  Vessel  Co. 

N.  G.  Gwynne. 

Drinkwater,      Basil 

"St.     Margaret's," 

Senior    Demonstra- 

H. C.  H.  Carpenter. 

Walter,    B.Sc, 

Wallington,   Sur- 

tor in  Metallurgy, 

E.  O.  Courtman. 

A.R.S.M. 

rey 

Royal   School    of 
Mines 

C.  O.  Bannister. 

English,    Solomon, 

The  University, 

Research     Student. 

C.  H.  Desch. 

M.Sc. 

Glasgow 

1851  E.xhibitioner 

G.  T.  Beilby. 

A.  K.  Huntington. 

Fishwick,  Ernest 

24  Werndee   Road, 

Metallurgical  Stud- 

H. C.  H.  Carpenter. 

Arthur  (Student) 

South   Norwood, 

ent,  Royal  School 

E.  O.  Courtman. 

S.E. 

of  Mines 

C.  O.  Bannister. 

Gill,  Harry 

British    Aluminium 

Engineer 

W.  M.  Morrison. 

Co.,    Ltd.,    Kin- 

G.  H.  Bailey. 

lochleven,  Argyll, 

E.  E.  Eccles. 

N.B. 

Gemmell,  William 

Sir    W.    G.     Arm- 

Chemist and  Metal- 

W.E.Thorneycroft. 

strong,  Whitworth 

lurgist 

C.  A.  Edwards. 

&  Co.,  Ltd.,  Els- 

J.  H.  Andrew. 

wick  Works, New- 

castle-on-Tyne 

Harris,    Henry, 

Upper    Ordnance 

Metallurgist  Works' 

Sir  T.  K.  Rose. 

A.R.S.M. 

Wharf,   Rother- 

Manager,    H.    J. 

W.  Gowland. 

hitheSt.,  S.E. 

Enthoven  &  Sons, 
Ltd. 

A.  K.  Huntington. 

lies,  Harry 

34WoodvilleRoad, 

Manager,      Rolling 

G.  Bill-Gozzard. 

King's  Heath, 

Mills,       Kynoch, 

W.  L  Taylor. 

Birmingham 

Ltd.,  Birmingham 

T.  Turner. 

Lawrence,  J. 

"  Rocklands,"  Mil- 

Manager,   Alumin- 

W. M.  Morrison. 

ton,  Staffs 

ium  Rolling  Mills, 

I.  T.  W.  Echevarri. 

British     Alumin- 

"E. E.   Eccles. 

ium  Co.,  Ltd. 

Lazarus,  Frank  J. 

10-11  Lime  Street, 

Metal  Merchant 

H.  Gardner. 

E.C. 

G.  H.  Quirk. 
H.  A.  Buck. 

McAdam ,     Dunlop 

Engineering  Ex- 

Chemist and  Metal- 

A.   K.   Huntington. 

laniison,    junior, 

periment  Station, 

lographist 

A.  E.  Seaton. 

"Ph.  D. 

U.S.A.       Navy, 
Annapolis,  U.S.A. 

H.  C.  H. Carpenter. 

Miller,  Samuel  W. 

128     State     Street, 

Mechanical  En- 

A. K.  Huntington. 

Albany,    N.Y., 

gineer.  Proprietor 

Sir  H.  J.  Oram. 

U.S.A. 

of  Oxy-Acetylene 
Wielding  Works 

A.  E.  Seaton. 

Morcom,  Regi- 

Ledsam Street,  Bir- 

Engineer 

Sir  H.  J.  Oram. 

nald  K. 

mingham 

Sir  P.  Watts. 
T.  McLaurin. 

Nicholson,  Fred- 

H. H.  Vivian  &  Co., 

Assistant       Works' 

C.  Y.  R.  Bedford. 

erick  Simpson 

Ltd.,  Icknield 

Manager 

S.  M.  Hopkins. 

Port    Road,   Bir- 

K. Eraser. 

mingham 

18 


Annual  General  Meeting 


Name, 

Address. 

Qualifications. 

Proposers. 

Pirrie,  The  Rt, 

lACockspurSt.,W. 

Shipbuilder 

Sir  H.  J.  Oram. 

Hon.  Lord,  K. P., 

J.  McLaurin. 

P.C. 

"D.  T.  Carruthers. 

Plenty,  E.  P. 

Hillhouse,  Newbury 

Engineer 

Sir  H.  J.  Oram. 
G.  G.  Goodwin. 
J.  McLaurin. 

Flaws,  George 

Braden  Copper  Co. , 

Metallurgical    Che- 

E. L.  Rhead. 

Molino,      Ranca- 

mist 

L.  Sumner. 

gua,    Chile,  S. 

F.  Tomlinson. 

America 

Pollock,  Walter, 

3   Lloyd's   Avenue, 

Consulting  En- 

Sir H.  J.  Oram. 
G.  G.  Goodwin. 

M.I.N.A. 

E.C. 

gineer  and  Naval 

Architect 

J.  McLaurin. 

Rae,  William 

"  Ferndale,"      Kin- 

Electrical  Engineer, 

W.  M.  Morrison. 

lochleven,  Argyll, 

British  Aluminium 

G.  H.  Bailey. 

N.B. 

Co.,  Ltd. 

C.  G.  Jameson. 

Sampson,  John 

8    The    Sanctuary, 

Engineer 

Sir  H.  J.  Oram. 

Westminster, 

J.  McLaurin. 

S.W. 

D.  J.  Carruthers. 

Taverner,  Leonard, 

319    Seven    Sisters' 

Demonstrator, 

H.C.  H.  Carpenter. 

A.R.S.M. 

Road,     Finsbury 

Royal   School    of 

E.  O.  Courtman. 

Park,  N. 

Mines 

C.  O.  Bannister. 

Thomson,    James 

British    Aluminium 

Engineer 

W.  M.  Morrison. 

Almand  Veitch 

Co.,    Ltd.,    Kin- 

G.  H.  Bailey. 

lochleven,  Argyll, 

C.  G.  Jameson. 

N.B. 

Tod,  Robert  Pater- 

British    Aluminium 

Manager.  Mechani- 

W. M.  Morrison. 

son 

Co.,    Ltd.,    Kin- 

cal  and  Electrical 

G.  H.  Bailey. 

lochleven,  Argyll, 

Engineer 

E.  E.  Eccles. 

N.B. 

Turner,     Maurice 

British    Aluminium 

Chemist.   Manager, 

W.  M.  Morrison. 

Russell 

Co, ,  Ltd. ,  Stangf- 

S  tangf  jorden 

A.  Jacob. 

jorden,    via    Ber- 

Works 

J.  T,  W.  Echevarri. 

gen,  Norway 

The  Chairman  announced  that  the  names  of  intending  new 
members  had  to  be  sent  in  by  the  29th  April,  the  result  of 
the  ballot  to  be  declared  at  the  May  Lecture. 


Election  of  Auditor. 

He  had  very  much  pleasure  in  moving  the  re-election  of 
the  Honorary  Auditor,  Mr.  G.  G.  Poppleton,  a  valued  member 
who  had  served  the  Institute  from  its  foundation.  If  he 
remembered  rightly,  Mr.  Poppleton  was  present  at  the  original 
meeting  at  which  the  Institution  was  formed  in  Manchester, 
and  he  had  been  associated  with  it  therefore  from  the  very 
beginning.  Mr.  Poppleton's  work  had  been  of  the  greatest 
value,  and  the  members  could  not  do  better  than  to  continue 
to  avail  themselves  of  his  services  which  he  so  generously  gave. 
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Professor  Turner  said  he  had  much  pleasure  in  seconding 
the  resolution,  as  he  had  been  associated  for  a  number  of 
years  with  Mr.  Poppleton.  While,  on  the  one  hand,  the  audit 
had  been  very  efficiently  performed,  the  work  had  been  done 
in  a  manner  which  had  rendered  the  Treasurer's  work  more 
easy  and  pleasant  than  it  would  otherwise  have  been.  He 
was  quite  sure  it  was  to  the  advantage  of  the  Institute  that 
Mr.  Poppleton  should  continue  to  be  the  Hon.  Auditor. 

The  motion  was  then  put  and  carried  with  acclamation. 

The  Chairman  said  that  he  thought  that  the  Institute  might 
congratulate  itself  on  the  fact  that,  in  spite  of  the  war,  it  had 
managed  to  muster  eight  papers,  and  he  hoped  there  would 
be  a  good  discussion  upon  them,  commencing  with  a  paper  on 
"  The  Effects  of  Heat  and  of  Work  on  the  Mechanical  Proper- 
ties of  Metals,"  by  Professor  A.  K.  Huntington,  A.R.S.M.  (Past- 
President).  This  paper  was  then  read  and  discussed,  after 
which  the  meeting  adjourned  at  5  p.m.  until  10.30  a.m.  the 
following  morning,  Friday,  March  19,  1915. 


SECOND    DAY'S    PROCEEDINGS. 

Friday,  March  19,  1915. 

At  the  adjourned  meeting,  which  was  again  presided  over 
by  Professor  Carpenter  in  the  absence  of  the  President,  papers 
were  read  by  Mr.  S.  Whyte,  B.Sc.  (Surrey) ;  Professor  A.  A. 
Read,  D.Met. ;  and  Mr.  R.  H.  Greaves,  M.Sc.  (Cardiff) ;  Dr.  W. 
Rosenhain,  F.R.S.  (Teddington) ;  Mr.  0.  F.  Hudson,  M.Sc. 
(Birmingham) ;  and  Mr.  J.  L.  Haughton,  M.Sc.  (Teddington), 
respectively.  The  papers  by  Mr.  J.  H.  Andrew,  M.Sc.  (Man- 
chester), and  Dr.  G.  H.  Gulliver,  F.R.S.E.  (London),  were  taken 
as  read. 

Each  paper,  except  those  of  Mr.  Andrew  and  Dr.  Gulliver, 
was  followed  by  a  discussion,  a  hearty  vote  of  thanks  being 
accorded  in  each  case,  on  the  motion  of  the  Chairman,  to  the 
respective  authors. 
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CONCLUDING   BUSINESS. 

The  Chairman  said  that  he  wished  to  congratulate  the 
members  upon  the  way  in  which,  in  spite  of  the  smallness  of 
the  attendance,  they  had  been  able  to  keep  the  discussions  on 
the  papers  going.  He  thought  the  number  of  contributions 
to  the  discussion  per  member  would  easily  rank  as  the  highest 
on  record.  He  considered  that  the  next  volume  of  the  Insti- 
tute's Journal,  when  it  came  to  be  published,  would  not  be 
found  unworthy  to  take  its  place  among  the  other  volumes.  He 
now  had  the  pleasure  to  move  :  "  That  the  best  thanks  of  the 
Institute  be  and  are  hereby  tendered  to  the  Council  of  the  Insti- 
tution of  Mechanical  Engineers  for  their  courtesy  in  permitting 
the  use  of  their  rooms  on  the  occasion  of  this  meeting."  As  the 
members  well  knew,  from  the  very  beginning  they  had  met  in 
the  hall  of  the  Institution  of  Mechanical  Engineers  for  their 
London  meetings.  They  had  met  there  at  the  June  meeting 
in  1908  when  the  Institute  was  finally  and  formally  consti- 
tuted. The  Institution  of  Mechanical  Engineers  gave  them  its 
hospitality  on  that  occasion,  and  had  continued  to  do  so  un- 
interruptedly ever  since.  The  Institute  of  Metals  was  in  many 
ways  the  foster-child  of  the  Institution,  because  the  Alloys 
Research  work  which  the  Institution  inaugurated  might  in 
many  ways  be  regarded  as  the  forerunner  of  the  kind  of  work 
with  which  they  now  dealt. 

Mr.  Hudson  seconded  the  resolution,  which  was  carried 
with  acclamation. 

Mr.  A.  E.  Seaton  said  there  remained  only  one  duty,  and 
it  devolved  upon  him  to  fulfil  it.  No  doubt  it  had  been  a 
regret  to  many  of  the  members  that  circumstances  prevented 
the  presence  of  their  President  on  the  present  occasion ;  but 
Sir  Henry  was  such  a  high  and  important  officer  of  the  State, 
especially  in  these  times  of  fightings  without  and  within,  that 
it  was  utterly  impossible  for  him  to  be  absent  from  his  office. 
However  much  they  might  deplore  it,  their  regret  had  been 
distinctly  modified  by  their  having  so  able  a  substitute  as 
Professor  Carpenter  had   proved.     In   fact,  he  could   repeat 
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that  day  what  he  had  remarked  on  a  previous  occasion,  that 
it  was  a  noticeable  thing  what  a  great  number  of  able  men 
belonged  to  this  Institution  who  were  capable  of  filling  its 
various  offices  on  the  shortest  notice.  Professor  Carpenter 
was  not  aware  till  the  opening  of  the  meeting  that  he  was 
to  take  the  onerous  and  honourable  position  of  presiding  over 
them.  The  ability  with  which  Professor  Carpenter  had  con- 
ducted the  proceedings  was  admirable,  and  deserved  the 
members'  heartiest  thanks.  He  thoroughly  agreed  with  what 
the  Professor  had  said  as  to  the  success  of  the  meeting.  He 
would  not  say  it  had  been  successful  in  point  of  numbers,  but 
the  quality  of  the  attendance  was  all  that  could  be  desired, 
inasmuch  as  it  had  given  debating  power  sufficient  for  the 
volume  of  the  transactions  to  go  forth  into  the  world  without 
any  diminution  in  volume  or  value,  notwithstanding  the  war 
and  attendant  circumstances.  The  papers  had  been  of  quite 
high  value,  almost  exceptionally  so.  For  himself  he  had  been 
very  surprised  to  find  that  the  Institute  had  managed  to  get 
such  a  good  collection  together,  considering  all  things.  Each 
of  the  papers  had  proved  to  be  of  interest,  and  had  effected 
what  was  perhaps  the  most  valuable  function  of  such  meetings, 
namely,  to  elicit  full  and  complete  criticism  of  the  subject 
matter  of  the  papers.  Therefore,  in  moving  a  vote  of  thanks 
to  the  Chairman,  he  had  to  congratulate  him  on  having  pre- 
sided over  such  a  successful  meeting. 

Professor  Turner,  in  seconding  the  vote  of  thanks,  said 
that,  as  all  the  members  knew,  Professor  Carpenter  had  been 
interested  in  the  formation  of  the  Institute,  had  been  a 
regular  attendant  at  its  meetings,  had  contributed  to  its  pro- 
ceedings, and  had  been  one  of  its  most  useful  helpers  in  the 
discussion  of  papers.  The  members  were  fortunate,  therefore, 
in  having  one  so  competent  to  preside  over  their  gathering. 
To  practically  all,  Professor  Carpenter  also  was  a  personal 
friend,  and  as  a  friend  they  welcomed  him  as  presiding  over 
the  meeting  that  day.  He  was  sorry  that  the  numbers  had 
been  so  much  smaller  than  usual  at  the  Annual  Meetings,  but 
the  reason  was  known,  namely,  that  the  majority  of  the  mem- 
bers who  were  away  were  working  in  connection  with  the  ser- 
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vice  of  their  country.  Some  were  actively  engaged  in  military 
matters,  while  a  very  large  proportion  were  engaged  at  the 
present  time  working  not  merely  on  Saturdays,  but  even  on 
Sundays,  in  the  preparation  of  those  munitions  which  were  so 
necessary.  So  the  members  might,  from  some  points  of  view, 
almost  congratulate  themselves  that  their  colleagues  and  friends 
were  employed  in  that  service.  Personally,  of  course,  he  should 
very  much  prefer  they  were  fully  engaged  in  peaceful  service, 
but  as  that  could  not  be,  those  who  remained  had  to  carry  on 
under  the  circumstances,  and  he  thought  it  might  be  said  that 
they  had  carried  on  very  well  at  the  present  meeting. 

Mr.  Seaton,  in  putting  the  vote  to  the  meeting,  thought 
Professor  Turner  might  have  said  that  the  absent  members 
were  engaged  in  practical  metallurgy  for  the  benefit  of  the  world 
at  large. 

The  vote  was  then  put  and  carried  with  acclamation. 

The  Chairman  in  reply  said  he  had  felt  it  a  great  honour 
and  privilege  to  have  been  asked  to  preside  at  the  meeting. 
He  desired,  as  he  was  on  his  feet,  to  pass  on  the  members' 
thanks  almost  entirely  to  the  Secretary,  because,  after  all,  he 
was  the  person  who  really  mattered  on  such  occasions.  With- 
out the  preliminary  work  of  Mr.  Shaw  Scott  the  Chairman's 
work  would  be  almost  impossible  to  carry  through.  Year 
after  year  their  business  was  conducted  in  the  same  orderly 
way,  and  that  was  largely  due  to  the  energy,  organizing  ability, 
and  tact  of  their  Secretary. 

He  would  remind  the  members  that  the  next  meeting  of 
the  Institute  would  be  at  the  May  lecture  by  Sir  Joseph 
Thomson  on  the  12  th  May,  when  the  Council  hoped  for  as 
good  an  attendance  of  members  as  possible.  The  meeting 
would  be  held  at  the  Institution  of  Electrical  Engineers,  and 
at  that  meeting  there  would  be  a  ballot  for  the  election  of 
new  members. 

The  meeting  then  terminated,  at  5  p.m. 
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THE  EFFECTS  OF  HEAT  AND  OF  WORK 
ON  THE  MECHANICAL  PROPERTIES 
OF   METALS.* 

Bv  Professor  A.  K.  HUNTINGTON,  A.R.S.M.  (Past-President), 
University  of  London,  King's  College. 

INTRODUCTION. 

( Written  since  the  Meeting.) 

The  following  paper  was  put  together  under  exceptional  and 
hurried  circumstances.  It  was  feared  that  there  would  be  a 
shortage  of  papers  for  the  meeting.  This  fortunately  eventu- 
ally turned  out  not  to  be  the  case.  The  author  would  ask  the 
members  to  look  on  it  as  a  War  paper,  and  to  exercise  some 
leniency  in  regard  to  its  shortcomings. 

Unfortunately  it  was  only  after  the  meeting  that  the  author 
discovered  that  the  conclusions  to  be  drawn  from  the  paper 
could  be  more  clearly  and  convincingly  shown  by  plotting  the 
original  curves  for  the  alloy  together,  as  shown  in  Figs.  1 1  and 
12,  which  are  now  substituted  for  curves  of  less  consequence. 
Figs.  1 1  and  1 2  are  fully  discussed  in  the  author's  communi- 
cated reply  to  the  discussion,  pp.  74—5.  Had  the  curves  been 
plotted  together  in  this  way  in  the  first  instance  it  is  probable 
that  the  more  complicated  curves  would  not  have  been  worked 
out.  This  would  have  been  even  still  more  probable  had  the 
"  crystal-size  "  been  plotted  against  the  mean  curve  for  Fig.  3  as 
now  shown  in  Fig.  13.  It  is  not  to  be  implied  that  the  author 
does  not  consider  that  there  may  be  a  good  deal  of  truth  in 
the  more  complicated  curves,  but  rather  that  it  is  premature 
to  go  beyond  the  original  curves  which  in  themselves  should 
be  sufficiently  convincing  as  to  the  definite  existence  of  several 
maxima  and  minima,  which  are  not  unrelated  to  maxima  and 
minima  to  be  found  in  the  curves  for  other  metals. 

Whether  the  more  complicated  curves  as  exemplified  in 
Figs.  14  and  17  are  taken  into  account  or  not,  the  author  still 
holds  that  the  conclusions  drawn  on  p.  43   are  substantially 

*  Read  at  Annual  General  Meeting,  London,  March  18, 1915. 
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correct.  No.  10  perhaps  requires  some  amplification.  The 
author  considers  that  his  tests  show  that  alternations  of  stress 
do  exert  a  specific  effect  as  indicated  in  No.  11,  and  for  that 
reason  tests  of  that  nature  bring  out  maxima  and  minima 
more  definitely  than  occurs  for  part  of  the  curve  in  ordinary 
tensile  tests.  The  release  of  stress  in  arriving  at  the  yield 
points  in  the  author's  tensile  tests  probably  had,  however,  a 
beneficial  effect  both  directly  and  by  prolonging  the  duration 
of  the  test.  The  yield  point  and  reduction  of  area  curves  for 
tensile  tests  appear  to  be  much  more  reliable  than  those  for 
elongation  and  breaking  load. 


The  author  about  thirteen  years  ago  (1902)  devised  a 
machine  to  enable  him  to  examine  into  the  effects  of  heat 
on  metals  and  alloys  whilst  subjected  to  alternating  bending 
stresses,  such  as  occur  in  a  locomotive  firebox.  The  move- 
ments in  a  firebox  are  very  complicated,  and  it  was  considered 
undesirable  to  attempt  to  copy  them  slavishly,  but  rather  to 
deal  in  a  simple  and  adequate  manner  with  the  main  fact  that 
they  are  in  their  results  essentially  alternating  bending  stresses. 

It  was  therefore  decided  that  the  stay  or  rod  should  be 
held  rigidly  at  one  end  and  subjected  to  a  to-and-fro  move- 
ment at  the  other  in  a  single  plane  at  right  angles  to  its  axis. 
The  test-pieces  were  to  be  1  inch  in  diameter,  that  being  the 
most  usual  dimension  of  stays,  and  the  portion  to  be  tested 
3 1  inches  long,  Avhich  is  a  usual  distance  between  the  firebox 
plates  forming  the  water  space.  The  distance  through  which 
the  rod  was  to  be  moved  at  the  radius  of  3|  inches  was  to  be 
i  inch,  i.e.  ^^  inch  on  either  side  of  its  axis.  This  might  be 
taken  as  the  probable  maximum  movement  likely  to  occur  in 
a  firebox.  The  rods  were  highly  polished  for  a  distance  of 
about  1  inch  where  the  cracking  and  breaking  would  take  place. 

As  a  foundation  on  which  to  build  up  the  necessary 
mechanism,  a  very  heavy,  double,  shaping  machine  was 
acquired.  The  to-and-fro  movement  of  the  arm  of  the  shaping 
machine  was  effected  by  means  of  a  wheel  and  crank  pin 
on  one  side  only;  but  using  it  as  an  alternating  stress 
machine  to  test  1  inch  rods,  it  was  found  desirable  to  work 
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the  arm  from  both  sides  simultaneously  by  duplicating  the 
wheel  and  crank  pin.  It  will  be  obvious  that  as  the  arm 
works   in  a  straight  line,  if  it  were  attached  rigidly  to   the 
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rod  there  would  be  a  considerable  additional  strain  set  up 
in  the  rod  in  another  direction,  which  it  had  been  decided 
would  be  undesirable  in  a  testing  apparatus.     To  get  over  this 
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difficulty,  an  attachment  between  the  arm  and  the  rod  was 
devised  to  allow  the  rod  to  slide  in  the  attachment,  and  so 
adjust  its  length  to  the  throw  of  the  arm. 

The  fixed  end  of  the  rod  was  held  in  jaws  which  could  be 
tightened  by  means  of  two  set  screws.  In  practice  it  was 
found  that  it  was  absolutely  essential  that  these  jaws  should 
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Fig.  2.— Alternating  Testing  Machine. 


Pl/^n 


be  kept  continuously  and  uniformly  tight  on  the  rod.  This 
was  accomplished  by  attaching  levers  to  the  heads  of  the 
tightening  screws,  to  which  were  fastened  weighted  chains 
passing  over  pulleys.  The  edges  of  the  jaws  were  eased 
just  sufficiently  to  prevent  the  test-rods  being  nicked  by 
them.  The  frame  holding  the  jaws  was  arranged  so  that 
it  could  be  heated  both  internally  and  externally  by  Bunsen 
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TENSILE   TESTS. 

Cof^per.     27.10.02.     Annealed  2  Hours  at  600°  C. 


Temperature  of  Test. 

Yield  Point, 
Tons  per 

Reduction 
of  Area, 

Degrees  F. 

Degrees  C. 

Square  Inch. 

Per  Cent. 

About  60 

About  15 

4-5 

63-7 

212 

100 

6-9 

61-3 

392 

200 

5-4 

60-8 

500 

260 

3-17 

50-9 

600 

316 

2-71 

44-6 

650 

343 

3-43 

29-4 

752 

400 

2-5 

15-8 

932 

500 

2-3 

19-3 

Copper  Alloy.     26.6.03.     As  received. 


Temperature  of  Test. 

Yield  Point, 

Tons  per 
Square  Inch. 

Reduction  of 

Area, 

Per  Cent. 

Degrees  F. 

Degrees  C. 

400 
400 
500 
500 
550 
600 
650 
700 
800 
900 

204 
204 
260 
260 
288 
316 
343 
371 
427 
482 

11-36 

18-18 
16-53 
11-93 
11-40 
10-26 
14-67 

9-09 

70-8 
70-8 
66-3 
70-8 
64-0 
41-0 
53-7 
45-2 
39-1 
3-9 

burners,  by  whicb  means  the  rod  was  raised  to  the  required 
temperature ;  the  temperature  being  controlled  by  a  pyro- 
meter couple  strapped  on  to  the  rod  where  it  entered  the 
jaws.  A  revolution  counter  was  attached  to  the  driving 
wheel,  each  revolution  of  which  corresponded  to  a  to-and- 
fro  movement  of  the  rod  on  either  side  of  its  axis.  The 
driving  wheel  was  worked  from  an  electric  motor,  and  made 
usually  74  revolutions  per  minute. 

Many  attempts  to  discover  a  means  of  automatically  regis- 
tering the  number  of  revolutions  at  which  the  rod  first  cracked 
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and  finally  broke  failed.  The  trained  eye  of  a  patient  ob- 
server was  the  only  means  used  in  the  experiments  detailed 
later  on,  and  it  was  entirely  successful. 

A  great  deal  of  work  has  been  done  with  this  apparatus  in 
the  years  since  it  was  erected,  but  the  tests  have  been  in  the 
main  confined  to  a  comparatively  short  range  of  temperature. 
A  few  longer  series  were  made,  however,  and  they  are  the 
subject  of  this  paper.*  The  details  and  results  are  embodied 
in  the  tables  and  in  the  curves.  Figs.  3  to  17.  The  curves 
have  been  constructed  by  means  of  the  information  afforded 
by  all  of  the  series  considered  together,  the  position  of  points 
wanting  in  some  being  indicated  by  those  existing  in  others. 

The  coppers  used  for  the  curves  in  Figs.  3  and  4  were 
taken  from  the  same  rods  as  those  for  the  tensile  tests 
Nos.  4  and  1  in  the  author's  Note  on  "  The  Effects  of  Tempe- 
ratures Higher  than  Atmospheric  on  Tensile  Tests  of  Copper 
and  its  Alloys,  and  a  Comparison  with  Wrought  Iron  and 
Steel"  (No.  II.).t  The  curves  in  Figs.  5  to  10  are  for  an 
alloy  made  up  with  coppers  from  different  sources,  but  all 
were  of  considerable  purity.  The  copper  used  in  the  case 
of  the  alloys,  curves,  Figs.  7  and  8,  was  pure  electrolytic ; 
in  the  others  the  coppers  were  "  best-selected."  The  exact 
composition  of  the  alloy  is  immaterial  for  the  present  purpose  ; 
it  did  not  contain  anything  not  in  solid  solution  in  the  copper. 
There  was  about  95  per  cent,  of  copper,  the  remainder  con- 
sisting essentially  of  iron  and  nickel. 

The  coppers  were  very  soft,  as  already  shown  in  dealing 
with  the  tensile  tests.  The  alloys  were  considerably  stiffer, 
even  when  completely  annealed,  than  copper.  The  curves 
give  the  results  of  the  tests  on  the  rod  as  received  from  the 
mills,  and  also  after  annealing  for  two  hours  at  600°  C,  and 
in  one  case  for  half  an  hour  at  8  0  0  °  C.  To  completely  anneal 
the  rod  a  temperature  at  least  as  high  as  800°  C.  would  have 
been  required  in  the  case  of  the  alloy.  This  effect  of  the 
extraneous  metals  in  solution  is  a  very  important  one. 

In  considering  these  curves  it  is  necessary  to  realize  that 

*  The  tests  were  carried  out  by  Mr.  R.  A.  P.  Davison  with  the  patience  and  care  he 
always  displayed. 
+  Journal  of  the  Institute  of  Metals,  No.  2,  1914,  vol.  xii.  p.  234. 
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when    sharply    defined  maxima    and    minima  may   occur,  it 
is  useless   to  connect   up  the  results  of  tests  by  direct  lines 
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between  them  and  expect  these  lines  to  give  the  true  curve 
unless  a  very  large  number  of  tests  were  made. 

When  the  results  of  tests  made  at  different  times  on  dif- 
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ferent  samples  agree  in  coming  consistently  above  and  below  a 
mean  line,  it  may  be  assumed  that  they  indicate  the  existence 
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of  a  maximum  or  minimum,  though  they  may  not  fix  its 
exact  location  or  show  whether  the  change  of  state  occurs 
suddenly  or  not.     The  curves  given  in  this  paper  are  the  result 
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of  an   attempt   not   only  to  indicate   the  whereabouts  of  the 
maxima  and  the  minima,  but  to  fix  their   true  position   and 
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shape,  notwithstanding  that  a  large  number  of  tests  may  not 
have  been  made. 

Figs.  3  to  10  are  the  curves  as  at   first  plotted.      It  will 

c 
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be  seen  that  they  do  not  greatly  differ  from  curves  in  whicli 
the  results  of  tests  are  directly  connected  by  lines,  except  that 
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maxima  and  minima  are  indicated  sharply  instead  of  being 
rounded  off.  These  curves  at  first  sight  seemed  to  be  in  close 
agreement,  and   as   satisfactory   as   could   be   expected.     On 
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studying  them  further,  however,  this  did  not  appear  to  be 
entirely  the  case.  Thus,  for  instance,  although  there  is  strong 
evidence  in  existence  indicating  a  maximum  at  250°,  five  out 
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of  the  eight  curves  showed  no  maximum,  but  rather  a  mini- 
mum. The  seventh  curve,  Fig.  9,  which  is  the  most  complete 
of  all,  however,  clearly  pointed  to  a  maximum  at  that  tem- 
perature.    This  led  to  a  remodelling  of  the  curves  on  the  lines 
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shown  in  Figs.  14  to  17.  The  reconstruction  not  only  caused 
all  the  curves  to  be  in  agreement  as  to  the  25  0°  point,  but 
also  brought  practically  all  the  observed  points  on  to  the  lines 
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leading  to  the  maxima  and  minima,  and  further  the  alternating 
bending  stress  curves  and  the  ordinary  tensile  yield  point 
and  reduction  of  area  curves  then  became  identical. 
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Comparing  the  curves  (Figs.  14  to  17)  with  one  another,  it 
will  be  seen  that  they  show  practically  identical  maxima  and 
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minima  in  relation  to  temperature.  The  points  may  be 
moved  up  or  down  vertically  (number  of  revolutions)  in  a 
trombone-like  fashion,  but  the  horizontal  displacement  (tem- 
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perature)  when  it  occurs  is  not  more  than  might  result  from 
some  accidental  circumstance  in  regulating  the  temperature, 
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or  to  a  point  having  been  displaced  vertically  owing  to  some 
abnormality  in  the  treatment  of  the  metal.     It  is  very  surpris- 
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ing  that  hardly  any  points  are  off  the  curves  notwithstanding 
that  the  points  given  are  not  averages  nor  selected. 

The  curve  for  breaking  is  in  every  case  almost  exactly 
parallel  to  the  curve  for  cracking,  showing  that  the  conditions 
had  remained  the  same  throughout  the  tests.  This  is  par- 
ticularly the  case  with  alloy  16.6.05  (Fig.  14). 

A  comparison  between  the  curves  for  "  as  received "  and 
"annealed  at  600°  C.  and  800°  C."  shows  the  effects  of 
annealing.  The  maxima  and  minima  are  greatly  reduced  by 
annealing,  indicating  the  important  part  played  by  "  work " 
in  emphasizing  the  transformation  points. 

In  all  the  curves  it  will  be  seen  that  there  is  a  remarkable 
parallelism  between  the  lines  leading  to  the  maxima  and 
minima  respectively. 

There  appear  to  be  five  maxima  and  five  minima  in  these 
curves.  The  first  maximum  agrees  sufficiently  nearly  with 
Cohen's  7 1*7°  point  for  copper.*  The  minimum  a  little 
above  100°  is  in  agreement  with  Robin's  "  minimum  for  dura- 
tion of  sound  "  for  steel  (Appendix  A).  See  also  Pisati  for 
tensile  tests  in  Appendix  B,  and  Le  Verrier,  Appendix  C,  for 
specific  heats.  Nearly  all  the  other  maxima  and  minima  will 
be  found  in  Robin's  table,  Appendix  A,  or  are  indicated  in  the 
author's  1912  and  1914  papers  as  points  of  change.  The 
exceptions  are  the  minima  at  about  275°  and  325°.  They 
probably  have  not  been  up  to  now  differentiated  from  neigh- 
bourinsf  maxima  and  minima,  but  the  author  believes  in  their 
separate  existence,  and  that  they  will  be  found  to  correspond 
to  critical  points  in  the  behaviour  of  metals  in  respect  to  some 
property  or  other.  The  fact  that  there  are  several  points  on 
the  slopes  to  the  minima,  and  that  the  slopes  are  parallel 
to  those  of  other  minima,  led  him  to  that  conclusion.  He  has 
found  that  lines  drawn  parallel  to  the  lines  of  an  estab- 
lished maximum  or  minimum  indicate  the  existence  of  an 
additional  maximum  and  minimum  if  the  results  of  tests  fall 
on  them. 


*  Zeitschrift  fiir  physikalische  Chemie,  1914,  vol.  Ixxxvii.  p.  419,  ^.Tid  Journal  of  the 
Institute  of  Metals,  No.  2,  1914,  Abstracts,  p.  265.  The  members'  attention  is  called  to 
the  latter  particularly.  A  paper  by  Professor  Cohen,  collecting  together  his  work  in  this 
direction,. has  recently  been  communicated  to  the  Faraday  Society. 
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The  appearance  of  the  alternating  stress  curves  suggests 
periodicity,  and  one  wonders  whether,  if  it  exist,  it  is  limited 
to  that  part  of  the  full  curve  or  extends  to  the  whole  curve 
from  the  absolute  zero  upwards.  It  would  become  a  ques- 
tion, then,  whether  all  these  maxima  and  minima  should  be 
spoken  of  as  due  to  allotropic  changes,  although  there  is 
every  probability  that  some  of  them  would  be  correctly  so 
designated. 

In  Fig.  16  the  alternating  bending  stress  curve  for 
copper  27.10.02  is  plotted  to  a  larger  scale  against  the 
ordinary  tensile  test  yield  point  and  reduction  of  area  for 
the  same  copper.  It  will  be  seen  that  all  three  curves  are 
identical. 

In  Fig.  17  the  copper  alloy  26.6.03  has  been  similarly 
treated  —  i.e.  it  has  been  plotted  against  the  yield  point 
and  reduction  of  area  obtained  in  a  series  of  tensile  tests 
made  on  the  same  rod  of  copper  alloy.  Again,  it  will  be 
seen  that  all  three  curves  are  in  complete  agreement.  It 
follows  that  a  long  preparatory  heating  before  testing  is 
not  necessary,  nor  need  the  test  be  made  very  slowly. 
The  difference  between  this  result  and  those  obtained  by  Le 
Verrier  *  experimenting  on  specific  heats  and  Cohen  t  on 
dilation,  who  both  found  that  it  was  necessary  to  heat  up 
and  cool  down  a  number  of  times  to  bring  the  metal  into  a 
stable  state  for  a  given  temperature,  is  possibly  due  to  the 
fact  that  the  metal  in  the  author's  experiments  was  subjected 
to  varying  stresses  during  the  tests,  whilst  in  the  case  of 
the  others  it  was  quiescent  unless  agitated  by  the  expan- 
sions and  contractions  due  to  heating  and  cooling. 

There  is  another  possible  explanation  applicable  in  some 
cases.  It  is  conceivable  that  the  metal  is  not  in  a  metastable 
condition  at  first,  as  supposed.  The  effect  of  the  heatings  and 
coolings  may  be  to  set  up  strain  in  the  metal  which  would 
result  in  the  transformation  points  being  more  strongly 
developed,  and  therefore  more  easily  detected  and  measured. 
If  it  is  admitted  that  the  heatings  and  coolings  cause  con- 
traction strains,  the  rest  follows  as  already  apparently  demon- 
strated by  the  curves  in  this  paper. 

*  Appendix  C.  f  Loc.  cit. 
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It   appears   to  the  author  that    the  value  of  heating  and 
cooling  curves  in  determining  transformation  points  or  regions, 
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other  than  true  phase  changes  in  alloys,  has  been  overrated 
In  that  respect  it  is  well  to  recall  Osmond's  remarks  in  his 
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note  to  Robin's  Carnegie  Memoir.*     He  says,  "  The  thermal 
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effect  may  be  within  the  range  of  experimental  error,  and  is 
probably  distributed  over  a  large  temperature  interval." 

*  Journal  of  the  Iron  and  Steel  histitute,  1911,  vol.  iii.  p.  214. 
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The  author  believes  that  series  of  mechanical  tests  made 
at  frequent  intervals  over  long  ranges  of  temperature  will  be 
more  helpful  in  clearing  up  and  defining  the  nature  of  the 
changes  m  state  which  occur  in  metals  than  ever  can  be 
accomplished  by  using  heating  and  cooling  curves.  The 
reason  for  this  is  to  be  found,  not  in  Osmond's  suggestion 
alone,  but  in  the  fact  that  the  change  points  in  a  metal 
cooling  after  solidification  appear  to  be  largely  potential  rather 
than  actual,  and  consequently  very  little  heat  is  liberated 
or  absorbed.  When  work  is  put  on  a  metal  the  change  points 
are  developed  in  a  surprising  way,  and  become  manifest  in  the 
mechanical  tests. 

Conclusions. 

1.  The  system  of  testing  1-inch  rods  by  alternating  stress 
devised  by  the  author  in  1902  gives  consistent  results. 

2.  By  means  of  this  machine  maxima  and  minima  have 
been  established  in  the  curves  for  copper  and  for  an  alloy  of 
copper  in  which  the  added  metals  were  in  solid  solution. 

3.  The  curve  for  breaking  is  parallel  to  the  curve  for 
cracking,  showing  that  the  general  conditions  remain  the 
same  throughout  the  test, 

4.  There  is  a  remarkable  parallelism  between  the  lines  lead- 
ing to  the  maxima  and  minima  respectively. 

5.  The  maxima  and  minima  are  greatly  reduced  by  an- 
nealing, indicating  the  important  part  played  by  "  work "  in 
emphasizing  the  transformation  points. 

6.  The  temperature  at  which  copper  will  anneal  is  very 
much  influenced  by  the  presence  of  other  metals  in  solid 
solution. 

7.  Several  of  the  author's  maxima  and  minima  agree  with 
published  data  obtained  by  other  experimenters  in  other  ways 
for  various  metals  and  alloys. 

8.  The  appearance  of  the  curves  suggests  periodicity,  and 
the  question  is  raised  Avhether  this  periodicity,  if  it  exist,  would 
be  found  at  every  part  of  a  curve  extending  from  the  absolute 
zero  to  the  melting  points  of  metals. 

9.  When  plotted  together  on  the  same  system  there  is  com- 
plete agreement  between  the  alternating  bending  stress  curves 
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and  tlie  yield  point  and  reduction  of  area  curves  in  simple 
tension  for  the  same  metal. 

10.  It  follows  that  a  long  heating  preparatory  to  testing  is 
not  necessary,  nor  need  the  tests  be  made  very  slowly. 

1 1.  The  variable  stresses  and  strains  arising  from  mechanical 
testing  enable  a  metal  readily  to  assume  the  condition  normal 
for  the  temperature  at  which  it  is  being  tested — -i.e.  the  metal 
will  quickly  pass  from  one  condition  depending  on  temperature 
to  another  without  lag ;  but  unless  all  work  which  previously 
has  been  put  on  the  metal  is  entirely  removed  at  the  tempera- 
ture ,  existing  during  the  test,  the  results  obtained  will  be 
influenced  by  it. 

1  2.  Except  in  the  case  of  phase  changes  in  alloys,  mechani- 
cal tests  are  to  be  preferred  to  heating  and  cooling  curves  as  a 
means  of  studying  changes  of  state  with  temperature. 

13.  The  author's  curves,  considered  in  conjunction  with  the 
data  given  in  the  appendices  and  papers  referred  to,  warrants, 
he  thinks,  his  again  putting  forward  the  suggestion  made  in 
his  1914  Note,  that  some  at  least  of  the  maxima  and  minima 
are  to  be  found  in  the  temperature  curves  of  different  metals, 
and  relate  to  the  same  physical  changes. 

The  author  is  pleased  to  acknowledge  the  assistance  rendered 
him  by  Mr.  R.  A.  Woollven  in  getting  out  the  illustrations  to 
this  paper. 

APPENDIX    A. 

Variations  in  Acoustic  Properties  of  Steel.     Table  of 
Properties  of  Metals  in  Relation  to  Temperature. 

Felix  Robin  (Paris),  in  a  paper  on  "  The  Variations  in  the 
Acoustic  Properties  of  Steel  with  Changes  of  Temperature,"  * 
gives  some  remarkable  curves  for  the  duration  of  sound  when 
bars  at  different  temperatures  are  struck  a  sharp  blow. 

He  says  on  pp.  138  to  142  :  "  When  the  dry  metal  is  heated 
(in  repetition  of  a  previous  heating)  the  duration  of  the  sound 
diminishes  slowly  from,  generally  speaking,  10°  to  20°,  then 
more  rapidly,  and  finally  very  rapidly,  between  .50°  and  100°. 

*  Jour?ial  of  the  Iron  and  Steel  Institute,  Carnegie  Memoirs,  1911,  vol.  iii. 
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At  90°  the  curve  falls  rapidly,  and  attains  a  minimum  at  about 
120°  to  130°,  when  the  sound  is  hardly  more  than  a  confused 
murmur.  On  continuing  the  heating,  the  curve  is  seen  to 
rise  again,  and  the  duration  of  the  sound  increases  rapidly 
from  150°  onwards  to  about  220°  or  250°,  where  it  reaches  a 
maximum.  From  this  point  the  duration  decreases  very 
slowly  until  325°  to  350°  is  reached,  when  the  fall  becomes 
more  rapid  and  the  sound  dies  away  finally  at  about  540°.  It 
should  be  noted  that  on  reaching  red  heat,  at  about  500°,  the 
bar  still  gives  out  a  sound  at  least  four  times  greater,  generally 
speaking,  than  the  sound  given  at  120°." 

"  Steel  containing  but  little  carbon  behaves  similarly  to 
iron.  The  percentages  of  carbon  in  a  steel  does  not  therefore 
displace  the  point  of  the  extinction  of  the  sound — that  is,  to 
any  noticeable  extent ;  it  renders  the  period  of  aphonia  shorter 
and  shorter." 

''Bate  of  Testing. — The  range  within  which  extinction  of 
sound  occurs  in  iron  is  practically  identical  in  all  the  bars, 
both  on  cooling  and  on  uniform  heating,  no  matter  what  their 
dimensions  may  be.  It  is  therefore  within  the  limits  of  the 
experiments,  independent  of  the  rate  of  heating  or  of  cooling." 

Robin  made  some  experiments  on  copper  and  its  alloys. 
Nothing  notable  occurred  until  25  0°  was  reached,  when  the 
considerable  "  change  of  state  "  occurred  shown  in  the  author's 

o 

tensile  and  alternating  bendmg  stress  tests.  These  experi- 
ments do  not  appear  to  have  been  carried  to  sufficiently  high 
temperatures,  except  in  the  case  of  a  nickel  silver  (nickel  25, 
zinc  15,  copper  60),  which  shows  a  strong  minimum  at  about 
300°  and  a  maximum  at  about  350°. 

In  1912  *  Robin  published  a  paper  entitled  "  Modifications 
of  Iron  below  700°,"  in  which  he  gives  a  table  showing  from 
published  information  the  temperatures  at  which  a  change  of 
state  occurs  in  iron  and  steel  when  examined  by  mechanical 
and  physical  means.  This  table  leaves  a  good  deal  to  be 
desired  in  respect  to  completeness  of  details  of  references. 

It  will  be  observed  that  this  table  makes  no  reference  to 
Pisati's  experiments,"]*  though  it  mentions  Poloni's  of  the  same 
period. 

*  Proceedings  of  the   International  Association  for  Testing  Materials,  l'J12,  vol.  ii. 
No.  8.  t  Appendix  B. 
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I, — Tests  in  which  Gold-Work  seems  to  Intervene. 

Hardness  =  100°-250°— 420°  to  500°  {Revue  de  Metallurgie,  1908). 
Tensile   Resistance  =  100°  — 250°  — (500°)  (Howard,  A.  Le  Chatelier,   Le 

Blant),  {Iron  Age,  1890;   "  Methodes  d'Essais,"    1892;   Transactions 

of  the  International  Association  for  Testing  Materials,  1909). 
Elongation  =  (20°)- 250° -(500°    to    250°)    (Howard,    A.    Le    Chatelier, 

Le  Blant),  {Iron  Age,  1890;  "  Methode  d'Essais,"  1892,  1909). 
Contraction  of  Area  (striction)  =  (300°)  — (500°). 
Resistance  to  Crushing  =  (100°)  — 300°  — 500°  approx.  (./oziTOCtZ  of  the  Iron 

and  Steel  Institute,  1910). 
Brittleness,  Notched  Bar  Test  =  150°- 500°  (Charpy,  Soc.  d'Enc,  1899  ; 

Guillet  and  Revillon,  Revue  de  Metallurgie,  1909). 
Malleability  (swelling,  crushing  test)  =  (100°) -300° -500°  {Journal  of  the 

Iron  and  Steel  Institute,  1910). 
Qualitative  Indicating  of  Fissuration  =  'irf. 
Viscosity  of   Wires  =  180° -240°  (Guye  et  Mintz,  Soc.  Sci.  Phys.  Nat. 

Geneve,  1908). 
Ring  (Acoustic)  Test  of  Stretched  Wires  =  250°  (Chrystal,  Nature,  1880). 
Properties  in  the  Gold  after  Hot  Forging  : 

Remanent  Hardness  of  Cold-Work  =  300°— (600°)  {Journal  of  the  Iron  and 

Steel  Institute,  1910). 
Brittleness  in  the  Cold  =  300°  {Journal  of  the  Iron  and  Steel  Institute,  1910). 
Corrosion  =  about  250°  — 700°  (unpublished  experiments). 
Size  of  Grain  =  about  600° — 700°  (unpublished  experiments). 

II. — Tests  in  which  Gold- Work  does  not  appear  to  play  a  jmrt. 

Elastic  Limit  of  Traction  =  100° -(250°  to  300°)- (450°  to  500°),  (Le  Blant, 

Transactions  of  the  International  Association  for  2'esting  Materials,  1909), 
Acoustic  Test  =  120°  — 250°  — 400°  approx.  {Journal  of  the  Iron  and  Steel 

Institute,  1911). 
Velocity  of  Sound  =  neighbourhood  of  100°  (Wertheim). 
Magnetism  : 

Intensity  of   Magnetization  =  150°  — 500°  to   550°   (Morris,  Philosophical 

Magazine,  1897  ;  Maurain,  Annalen  der  Physikalische  Chemie,  1910). 
Diminution    of    Permanent    Magnetization    on    Heating  =  180°  — (300°). 

(Poloni,  Nuovo  Cimcnto,  1878,  and  personal  experiments). 
Variations  of  Hysteresis  after  Heating  =  135°  (Roget,  The  Electrician, 

1898). 

Ageing :  * 

Thermo-electricity  =  470°  (Belloc— These,  1903  ;  Gauthier  Villars). 
Liberation  of  Gas  =  (540°  to  580°)  (Belloc— These,  1903  ;  Gauthier  Villars). 
Appearance  of  Joined  Grains  on  Polished  Surfaces  =  380°  to  500°  (?) 
{Soc.  d' Encouragement  pour  VImlusLrie  Ncdionale,  Paris,  1912). 

*  Compare  Charpy,  "  Eclairage  dectrique,"  1902— and  several  authors— Barrett ; 
Hadfield,  1900;  GumHch,  1902).  The  phenomenon  is  very  complex,  and  not  yet  well 
understood. 
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APPENDIX    B. 

PisATi's  Tensile  Tests  of  Metals  at  High  Temperatures. 

Recently  a  copy  of  a  paper  which  appears  to  have  been 
entirely  lost  sight  of  came  into  the  hands  of  Dr.  Desch,  who 
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kindly  informed  the  author  of  it.  It  is  entitled,  "  Ricerche 
sperimentali  sulla  tenacita  dei  metalli  a  diverse  temperature  " 
(Experimental  Researches  on  the  Tenacity  of  Metals  at  Different 
Temperatures).     I.  On  copper  and  steel  by  G.  Pisati  and  C. 
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Plate  I 


Fig.  a.— Head  of  Firebox  Stay  which  cracked  when  in  use. 
Mas;nified  93  diameters. 


Fig.  B.— Alternating  Bending  Test  at  343'  C. 

Magnified  173  diameters. 

The  photomicrographs  are  of  sections  cut  perpendicularly  to  the  main  fractures, 

from  which  very  similar  subsidiary  cracks  issue. 

Persulphate  of  ammonia  used  for  etching. 
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Saporito  ;  II.  On  brass  and  aluminium  by  G.  Pisati  and  S, 
Scichilone.'"'  The  experiments  were  made  between  the  ordinary 
temperature  and  300°  C.  on  wires  annealed  at  a  dull  red  in 
carbonic  anhydride,  and  cooled  slowly. 

The  heating  arrangement  "|"  consisted  of  a  vertical  oil  jacket 
heated  at  intervals  by  rings  of  gas  jets.  Each  end  of  the  wire 
was  wound  round  an  S  hook.  The  top  hook  was  attached  to 
a  rigid  support  above  the  oil  jacket,  whilst  from  the  lower 
hook  was  suspended  a  receptacle  into  which  water  could  be 
run  at  any  desired  rate.  The  rate  at  which  the  water  was 
run  in  in  the  tests  was  such  that  the  wire  did  not  break  until 
about  10  to  12  minutes  had  elapsed.  A  variation  of  from  8 
to  25  minutes  was  found  to  make  no  difference  to  the  results. 
In  the  case  of  copper  about  000  pieces  were  tested.  For  each 
temperature  and  for  each  wire  ten  tests  were  made.  A  good 
deal  of  irregularity  in  the  elongation  between  13  0°  and 
200°  C.  was  noticed.  Pisati  did  not  publish  a  curve  for 
copper,  but  he  gives  the  data  for  five  series  of  tests.  Tests 
on  wires  are  not  suitable  for  obtaining  good  tensile  curves ; 
this  is  particularly  the  case  with  copper,  but  steel  behaves 
much  better.  It  was  only  owing  to  the  very  large  number  of 
tests  made  that  Pisati  succeeded  at  all. 

Fig.  20  is  Pisati's  curve  for  brass.  J 

It  will  be  seen  that  it  closely  resembles  the  elongation 
curve  given  by  the  author  for  copper-zinc  alloys  in  Appendix 
C,  1914  Note.  Pisati  has  a  number  of  points  between  15°  and 
200°  C.  not  included  in  the  author's  curve.  As  with  the 
copper,  about  600  tests  were  made,  wires  of  three  different 
diameters  being  used. 

Figs.  18  and  19  give  some  of  Pisati's  curves  for  steel  wire. 
Five  wires  of  different  diameters  were  used.  The  curves  are 
for  one  of  them  and  may  be  taken  as  typical.  No  analyses 
for   carbon,  &c.,  are  given,  which   detracts   a  good  deal  from 

*  "  Reale  Accademia  dei  Lincei,"  Mem.  1,  1877,  pp-  179-194.  These  memoirs  are  in 
the  libraries  of  the  Royal  Society  and  the  Chemical  Society,  London. 

t  Described  in  a  previous  paper  by  G.  Pisati  (Professore  all'  Universita  di  Palermo), 
"  Sulla  tenacita  del  Ferro  a  diverse  temperature,"  Memorie  della  Societa  Italiana  delle 
Scienze,  ser.  iii.  tomo  ii.,  and  earlier  still  in  "  Gazz.  Chim.  Italiana,"  tomo  vi.  p.  23. 

^'Analysis:  Copper,  66'58  per  cent.;  Zinc,  32'4  per  cent.;  Lead,  loss,  &c.,  1-01 
per  cent. 
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the  value  of  the  results.  About  900  pieces  were  tested. 
Annealing  in  carbonic  anhydride  appears  to  be  a  doubtful 
proceeding  in  the  case  of  steel ;  decarburization  to  a  greater 
or  less  depth  would  occur.  Pisati,  from  the  results  he  obtained 
compared  with  those  of  others,  appears  to  have  suspected  that 
something  was  not  quite  right.  The  general  indications  of 
the  curves  are  not,  however,  seriously  afTected  by  it  for  the 
present  purpose. 

In  the  tenacity  curve  Fig.  18  there  is  a  Avell-marked 
minimum  at  a  little  higher  than  100°  C.  This  also  occurs 
in  two  others  of  the  five,  whilst  in  two  it  is  a  little  below 
100°.  Then  there  is  a  marked  maximum  between  100°  and 
15  0°  which  occurs  in  four,  the  fifth  being  slightly  higher 
than  150°.  Finally  there  is  a  minimum  between  150°  and 
200°  in  all,  and  in  two  a  maximum  between  250°  and  300°. 
The  other  three  only  just  show  signs  of  commencing  to  turn 
over.  Fig.  19  is  one  of  the  elongation  curves,  and  is  typical  of 
all  five.  Comparing  the  curve  for  elongation  with  the  author's 
for  wrought  iron  and  steel  in  his  1912  paper,  it  will  be  seen 
that  they  are  practically  identical ;  the  tenacity' curve  is  also 
the  same  as  Pisati's,  except  for  the  part  between  14°  and  150°, 
in  which  region  the  author  made  no  tests. 

Pisati  had  previously  published  a  memoir  "  On  Tenacity  of 
Iron."  *  On  comparing  the  iron  curve  with  the  steel  curve, 
an  important  difference  is  disclosed.  In  the  case  of  the  iron 
the  elongation  curve  follows  the  general  outline  of  the  tenacity 
curve,  in  that  respect  showing  a  marked  difference  from  the 
steel,  which  suggests  that  the  suppression  of  the  maxima  and 
minima  in  the  elonoation  curve  in  the  latter  is  due  to  carbon. 
Pisati,  speaking  of  the  tests  on  iron,  says  that  the  elongation 
took  place  quietly  and  continuously  from  the  ordinary  tem- 
perature to  70°,  and  then  became  more  irregular,  torsion  and 
vibration  occurring,  sometimes  accompanied  by  acute  and 
strident  sounds.  This  condition  continued  until  235°  was 
reached.  At  240°  the  discontinuity  diminished  considerably, 
disappearing  completely  at  250°.  From  this  temperature 
until  300°  the  elongation  took  place  quietly  and  continuously 
as  at  the  low  temperature. 

*  Loc.  cit. 
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Summing  up  Pisati's  results,  it  may  be  said  that  they  agree 
with  the  author's  tensile  tests  in  1914  and  previous  com- 
munications, and  additional  important  observations  on  iron 
and  steel  were  made,  strongly  indicating  transformation  points 
between  the  ordinary  temperature  and  300°  C,  which  are  in 
substantial  agreement  with  the  author's  alternating  stress  and 
simple  tensile  curves  in  the  present  paper. 


APPENDIX  C. 

Le  Verrier  on  Specific  Heats  of  Metals. 

Le  Verrier  in  a  paper  "  Sur  la  Chaleur  Specifique  des 
Metaux  "  '"'  which  has  also  been  lost  sight  of,  and  has  recently 
been  referred  to  by  Cohen,  speaking  of  the  specific  heats  of 
copper,  silver,  aluminium,  zinc  and  lead,  says :   "  The  specific 

heat  /  — -  I  remains  sensibly  constant  during  periods  which  do 

not  exceed  in  general  an  interval  of   200°    to    300°,t    after 
which  it  changes  abruptly."  J 

Le  Verrier's  Specific  Heat  Determinations. 


Mean  Specific  Heat. 

Total  Heat. 

A         0°  to    360° 
B     320°  ,,    380° 
A'    360°  ,,    580° 
B'    560°  ,,    600° 
A"  580°  „    780° 
B"  740°  ,,    800° 

A'"  780°  ,,  1000° 

0-104 
0  125 
OO'J 

0118 

0-104  /. 

Absorption  of  2  calories  towards  350°. 

37-2  +  0-125(i'-360). 

Absorption  of  2  calories  towards  580°. 

37  +  0-09(/-580). 

Absorption  of  3"5  calories  towards  780°. 

(92  +  0118(<'-800). 

\  117  calories  towards  1020°. 

*  Comptes  Rendus,  114,  907,  1892. 

t  Cohen,  in  Zeitschrift  fiir  phys.  Chemie,  makes  Le  Verrier  say:  "  The  mean  specific 
heat  of  copper,  silver,  zinc,  lead  and  aluminium  remains  as  a  rule  constant  till 
200°-300°."  This  somewhat  alters  Le  Verrier's  meaning.  This  rendering  has  been 
repeated  in  the  Abstract  in  the  Journal  of  the  Institute  of  Metals.     Lac.  cit. 

X  Le  Verrier  also  refers  to  Pionchon  as  having  found  the  same  thing  with  regard  to 
iron,  nickel  and  cobalt,  for  which  see  Comptes  Rendus,  102,  675,  1454  (1886),  103,  1122 
(1886),  and  in  full  Ann.  de  Chim.  et  de  Phys.  (6),  xi.  33  (1887). 
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"  In  the  neighbourhood  of  maxima  and  minima  (des  points 
singuliers)  the  state  of  a  body  is  not  a  fmiction  of  its  tempera- 
ture only ;  it  varies  with  the  manner  in  which  the  temperature 
has  been  reached.  The  molecular  work  which  corresponds  to 
a  change  of  state  undergoes  generally  a  certain  retardation, 
and  the  same  results  are  not  obtained  during  heating  and 
cooling.  For  a  given  maximum  and  minimum,  if  one  starts 
with  a  lower  temperature,  and  returns  to  it  after  having  gone 
above  the  temperature  corresponding  to  the  change  point,  a 
closed  curve,  and  not  a  simple  curve,  will  be  obtained." 


APPENDIX    D. 

To  measure  the  crystal-size,  the  fracture  faces  were  ground 
down  as  little  as  possible,  and  the  crystals  in  ten  different 
fields  of  one  millimetre  length  were  counted — ix.  a  line  one 
millimetre  in  length  was  projected  on  the  screen,  magnified 
100  diameters,  and  the  number  of  crystals  cut  by  it  counted. 
Fig.  13,  page  37,  was  plotted  from  the  following  data: — 

(1)  Bar  tested  at  16"  C.  (60°  F.) 
Number   of   crystals  per  millimetre  (on  speci-  (  32,  33,  30,  34,  29, 

men) |  30,  26,  29,  32,  31 

Mean  number  of  crystals  per  millimetre    .         .     30*6     , 
Mean  siz;e  of  crystals  ......     32'67  ^ 

(2)  Bar  tested  at  93°  C.  (200°  F.) 

TVT       1         f  <-  ^  ir      ^  (39,  37,30,32,  31, 

IN  umber  of  crystals  per  millimetre     .         .         •  <  oa   on   on   oo 

(  o4,  30,  39,  38,  30 

Mean  number  of  crystals  per  millimetre    .         .     34'0 

Mean  size  of  crystals  .....     29*40  m 

(3)  Bar  tested  at  149°  C.  (300°  F.) 

■XT       u        f         +1  -IT      4-  (37,  42,  28,  44,  38, 

Number  of  crystals  per  millimetre     .         .         .  j  g^'  ^^'  ^^'  ^^'  ^^' 

Mean  number  of  crystals  per  millimetre    .         .     36"8 
Mean  size  of  crystals  .....     27-16  /j, 

(4)  Bar  tested  at  177°  C.  (350°  F.) 

Number  of  crystals  per  millimetre     .         .         .  P^'  ^^'  ^^'  ^-'  ^■*' 
■^  ^  (25,  32,  32,  26,  30 

Mean  number  of  crystals  per  millimetre    .         .     31-7 

Mean  size  of  crystals  .....     31-53 /i 
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(5)  Bar  tested  at  204°  C.  (400°  F.) 

\  30,  29,  34, 
Number  of  crystals  per  millimetre     .         .         '  ;  2f   ->"   -^9 

Mean  number  of  ciystals  per  millimetre    .         .     29'2 
Mean  size  of  crystals  .....     34'25  m 

(6)  Bar  tested  at  232°  0.  (450'  F.) 

^26,  35,  31, 
Number  of  ci-ystals  per  millimetre     .         .         '  /  i  s  2"   -^P 

Mean  number  of  crystals  per  millimetre    .         .     26*8 
Mean  size  of  crystals  .....     37-33  p. 

(7)  Bar  tested  at  260°  C.  (500°  F.) 

,  Q Q    Ore     Q'? 

Number  of  crystals  per  millimetre     .         .         .  -j  ^-'  "^^  ^^ 

Mean  number  of  crystals  per  millimetre    .         .     29'0 
Mean  size  of  crystals  .....     34'47  m 

(8)  Bar  tested  at  288°  C  (550°  F.) 

Number  of  crystals  per  millimetre     .         .         •  i  oi'  oq'  on' 

(  ol,  .io,  oU, 

Mean  number  of  crystals  per  millimetre    .  .     32'9 

Mean  size  of  crystals  .....     30'40  m 

(9)  Bar  tested  a<  316°  C.  (600°  F.) 

(  36  41   29 

Number  of  crystals  per  millimetre     .         .         ■  \  ^  'J  ~  ' 

•^  ^  (S5,  37,  25, 

Mean  number  of  crystals  per  millimetre    .         .     32*5 

Mean  size  of  crystals  .....     30*77  m 

(10)  Bar  tested  at  343°  C.  (650°  F.) 

Number  of  crystals  per  millimetre     .         .         .3      '      ' '^^J 
^  ^  I  46,  38,  40, 

Mean  number  of  crystals  per  millimetre    .         .     45-1 

Mean  size  of  crystals  .....     22"17  /x 
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DISCUSSION. 

Professor  Turner,  M.Sc.  (Vice-President),  in  opening  the  discussion, 
said  that  he  was  sure  the  members  were  glad  to  receive  the  pajjer, 
and  to  have  an  account  of  the  early  form  of  testing  by  what  Professor 
Huntington  called  a  to-and-fro  movement,  but  what  was  generally  asso- 
ciated perhaps  with  the  term  "  multiple  alternations  of  stress."  It  was 
interesting  to  see  that  the  particular  type  of  apparatus,  constructed  in  a 
comparatively  simple  manner  and  working  slowly,  was  giving  consistent 
results ; — that  when  the  same  material  had  been  tested  repeatedly  at 
a  given  temperature,  consistent  results  were  obtained  at  that  tempera- 
ture, and  that  the  values  obtained  at  one  temperature  differed  from  the 
values  which  were  obtained  at  other  temperatures.  Tests  of  that 
general  type  were  now,  as  the  members  knew,  of  very  great  practical 
importance,  and  were  being  generally  applied.  The  value  of  the  paper 
did  not  depend  so  much  upon  the  early  experiments  as  upon  the 
suggestions  which  the  author  made  in  reference  to  the  results  of  his 
observations.  The  members  might  not  be  prepared  to  accept  all 
those  maxima  and  minima  which  were  given  in  the  later  diagrams  as 
being  proved.  As  the  author  had  said,  he  had  merely  thrown  out 
suggestions,  and  apparently  having  studied  the  matter  himself,  he 
came  to  the  conclusion  that  there  were  those  maxima  and  minima. 
If  the  curves  were  taken  in  their  simplest  form,  there  were  indications 
of  maxima  and  minima,  although  in  smaller  number  than  in  the  more 
complex  curves.  That  was  in  accordance  with  the  observation  of  others. 
Professor  Huntington  had  made  some  references  to  the  effect  of  the 
sonorous  properties  of  steel  and  other  metals  observed  by  Robin  and 
other  observers.  It  had  been  noticed,  too,  in  connection  with  the 
tenacity  of  steel,  and  the  results  had  been  apparently  anomalous.  With 
a  given  rise  of  temjjerature,  sometimes  the  metal  was  apparently  im- 
proved, and  on  further  rise  of  temperature  it  deteriorated,  and  on 
further  rise  it  might  improve  again.  It  must  not  be  supposed  that  those 
differences  were  generally  great.  They  were  not  sufficiently  lai'ge — (he 
was  referring  to  the  moderate  range  of  temperatures) — to  exert  any  con- 
siderable influence  upon  the  value  of  the  material,  say,  for  constructional 
purposes.  The  great  question  Avas,  were  those  maxima  and  minima 
proved  %  Was  it  a  fact  that  the  maxima  and  minima  did  occur  % 
Assuming  it  to  be  proved  that  some  of  those  maxima  and  minima  could 
be  definitely  supported — and  he  Avas  inclined  to  take  the  view  that  there 
were  maxima  and  minima  which  could  be  definitely  supported — the 
question  then  arose  as  to  what  was  the  explanation  of  the  change  that 
had  been  observed.  It  could  scarcely  be  a  change  due  to  crystalliza- 
tion, because  if  that  were  so  one  would  expect  to  observe  under  the 
microscope  a  difference  in  structure,  and  not  expect  the  same  result  to 
be  repeated,  on  heating  and  cooling  several  times,  and  testing  at  diff"erent 
•temperatures,  if  a  crystalline  change  had  once  taken  place.  The  result 
would  be  finished,  if  he  might  put  it  in  that  way,  and  whatever  the 
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result  was  it  would  be  there,  and  would  be  permanent.  If  it  was  not  a 
result  of  crystalline  change,  it  might  be  asked,  was  it  due  to  a  change  in 
the  other  constituents  which  were  present — the  impurities  or  the  other 
elements  added  purposely  in  the  alloy  %  Was  it  due  to  some  change, 
for  instance,  in  the  solution,  the  readiness  of  the  solubility  of  one  element 
in  the  other  ?  There  again  some  indication  might  be  expected  by 
microscopic  or  other  evidence,  unless  the  change  was  exceedingly  small. 
He  was  inclined  himself  rather  to  look  in  the  direction  of  polymerization, 
or  something  akin  to  that,  for  the  explanation,  if  the  work  of  Armstrong 
in  reference  to  water  was  accepted.  He  knew  Armstrong's  arguments 
had  been  controverted,  but  there  must  be  a  certain  amount  of  truth  in 
reference  to  the  experimental  results  which  had  been  obtained  in  connec- 
tion with  the  aggregation  of  water  molecules,  and  it  might  be  quite 
possible  that  metals  consisted  of — should  he  say — n  molecules  at  a 
moderately  high  temperature,  In  at  200°  below  that,  and  'in  at  200°  or 
300°  below  that.  Even  if  a  moderate  amount  of  polymerization  took 
place  at  a  given  temperature,  one  would  expect  that  there  would  be 
different  mechanical  pro[)erties,  and  that  those  mechanical  properties 
would  give  maxima  and  minima.  But  whatever  the  explanation  might  be, 
the  subject  of  these  maxima  and  minima  was  one  of  very  great  interest. 
He  did  not  say  it  was  of  very  great  jiractical  importance,  bu.t  it  was 
of  scientific  interest,  and  if  such  maxima  and  minima  existed  it  was 
important  that  their  position  and  number  should  be  accurately  ascer- 
tained, and  that,  when  those  had  been  ascertained,  a  complete  and 
general  method  of  interpretation  should  be  discovered. 

Dr.  W.  RosENHAiN,  F.R.S.  (Member  of  Council),  considered  that 
members  should  be  grateful  to  Professor  Huntington  for  having  brought 
forward  a  subject  which  certainly  required  more  attention  and  investiga- 
tion than  it  had  yet  received.  It  required  that  attention  and  investigation 
because,  in  the  first  place,  of  its  scientific  interest,  and  in  the  second 
place,  because  anything  which  would  throw  further  light  upon  the 
changes  which  metal  underwent  with  varying  temperature  was  not  only 
of  scientific  but  of  very  great  practical  importance.  Some  of  those  tem- 
peratures were  by  no  means  higher  than  were  met  with  in  the  industrial 
uses  of  metals — as,  for  instance,  in  firebox  stays — and  it  was  extremely 
important  to  know  what  took  place  when  metals  were  exposed  to  those 
temperatures.  With  regard  to  the  views  on  allotropy  which  had  been 
put  forward  by  Cohen  and  his  disciples,  he  should  almost  be  inclined  to 
call  it,  if  he  did  not  wish  to  preserve  a  very  guarded  attitude  in  the 
matter,  "  allotropy  gone  mad."  It  was  a  very  easy  thing  to  show  ano- 
malies here  and  there  in  the  temperature  curves  of  any  physical  property. 
The  difficulty  was  to  avoid  showing  them  where  they  did  not  exist,  and 
consequently  any  conclusions  of  that  kind  had  to  be  investigated  with 
very  great  care,  and  considerable  reliance  would  have  to  be  placed  upon 
the  accuracy  and  consistency  of  experimental  results  upon  which  conclu- 
sions of  that  kind  were  to  be  based.  That  being  the  case,  he  thought  it 
desirable — and  he  hoped  the  author  would  not  think  he  was  doing  it  in 
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any  unfriendly  spirit — to  examine  the  kind  of  evidence  upon  which 
Professor  Huntington  had  based  his  admittedly  tentative  conclusions. 
He  thought  the  author's  conclusions  showed  that  readers  should  be  con- 
siderably more  tentative  even  than  the  author  in  accepting  them.  In 
the  first  place,  what  was  the  apparatus  that  had  been  used  for  making 
the  tests?  He  would  ask  the  members  to  I'emember  that  what  the 
author  was  trying  to  do  in  using  the  results  of  that  test  for  the  paper 
was  to  ascertain  the  variations  of  a  physical  property  with  temperature. 
The  apparatus  which  had  been  employed  was  a  type  of  alternating- 
bending  machine,  which  was  of  the  crudest  possible  kind.  It  was  a 
machine  in  which  one  of  the  fundamental  principles  of  testing  was 
ignored,  viz.  that  some  individual  single  physical  property  should  be 
singled  out  and  isolated  and  examined  by  itself  and  apart  as  far  as 
possible  from  all  disturbing  factors.  That  principle  had  not  been 
followed.  First  of  all,  one  had  a  machine  in  which  a  certain  amount 
of  plastic  deformation  was  applied  at  every  stroke.  The  test-bar  was 
bent  backwards  and  forwards  through  a  certain  distance  at  each  stroke. 
The  actual  stresses  set  up  in  that  way  were  quite  uncertain,  because  the 
elastic  properties  of  the  material  were  not  known.  The  actual  stress  in 
tons  per  square  inch  which  was  being  applied  to  the  outside  fibres  of  the 
bars  of  metal  would  vary  not  only  from  one  specimen  of  that  material  to 
another,  because  its  toughness  and  hardness  and  elastic  resistance  would 
vary,  but  also  it  would  vary  as  the  test  went  on,  because  the  mechanical 
properties  changed  as  the  work  was  applied  to  the  material.  Con.se- 
quently  something  was  being  applied  which  was  indefinite,  because  it 
varied  from  one  specimen  to  another,  and  also  during  the  test  itself. 
In  the  next  place,  there  was  a  vital  objectio)i  to  that  type  of  testing- 
machine,  namely,  that  the  specimen  had  to  be  gripped  tightly  in  jaws. 
The  author  pronounced  the  death  sentence  on  the  machine  in  his  own 
paper  when  he  said  that  the  jaws  had  to  be  slightly  eased  so  that  the 
specimen  should  not  be  nipped  by  them ;  in  other  words,  the  point  of 
contact  had  to  be  made  indefinite,  and  the  specimen  allowed  to  move 
about,  more  or  less,  otherwise  it  would  be  damaged.  That  meant  that 
the  results  wei-e  inexact  to  a  much  greater  extent.  Finally,  the  measure- 
ment of  temperature  was  unsatisfactory.  He  would  ask  the  meeting  to 
remember  that  he  was  criticizing  the  machine  as  a  piece  of  scientific 
apparatus,  not  as  a  rough-and-ready  practical  testing-machine.  The 
test-piece  in  Professor  Huntington's  machine  was  heated  by  conductivity 
from  the  jaws  of  the  machine ;  heat  thus  flowed  into  the  metal  at  one 
end,  and  when  a  steady  ^tate  was  reached  the  same  quantity  of  heat  left 
the  metal  again  through  the  exterior  surfaces.  Consequently  there  was 
a  heavy  temperature  gradient  in  that  metal,  not  only  from  end  to  end, 
but  from  inside  to  outside,  and  yet  the  only  temperature  measurement 
which  in  that  type  of  machine  could  be  made  was  obtained  by  taking 
the  outside  surface  temperature  of  the  bar  by  strapping  a  thermocouple 
on  it.  It  was  not  even  the  normal  outside  temperature  which  was  being 
measured,  because  the  fact  of  strapping  the  thermocouple  on  disturbed 
the  surface  conditions.     The  temperature  measurements  were  thus  very 
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indefinite ;  one  did  not  know  what  was  the  relation  between  the  tem- 
perature of  the  bar  at  the  point  of  fracture  and  the  reading  of  the 
thermocouple,  and  one  could  not  rely  on  having  this  ratio  constant  from 
one  experiment  to  the  next.  For  these  reasons  alone,  therefore — and 
there  were  others  to  which  he  would  refer  in  a  moment— one  had  to  take 
the  data  obtained  from  a  test  of  such  a  kind  as  being  to  a  considerable 
extent  approximate.  Before  one  could  draw  any  conclusions  from  them  it 
would  be  necessary  to  multiply  those  experiments,  and  he  did  not  think 
he  was  saying  too  much  when  he  said  they  would  have  to  be  multiplied 
something  like  one  hundredfold  before  one  would  be  justified  in  drawing 
curves  with  five  or  six  maxima  and  minima  in  them  with  any  claim  to  a 
scientific  foundation.  Looking  at  the  curves  as  they  stood  as  first 
plotted,  he  thought  it  was  quite  easy  to  di'aw  smooth  curves  through 
them  all.  He  had  done  so,  but  it  would  take  too  long  for  him  to  put 
them  on  the  blackboard,  and  he  would  incorporate  them  with  his  printed 
remarks.  It  was  c^uite  easy  to  draw  curves  which  passed  sufficiently 
near  all  the  points  to  regard  the  divergences,  falling  above  and  below 
those  mean  lines,  as  purely  a  matter  of  experimental  error,  and  in  that 
way  the  necessity  was  avoided  of  inventing  half  a  dozen  allotropic  trans- 
formations in  order  to  account  for  what  after  all  were  perhaps  only 
experimental  irregularities. 

He  could  not  help  asking  the  author  by  what  mental  process  he  had 
passed  from  his  first  kind  of  curves  to  the  second  kind  of  curves.  Was 
it  by  a  process  of  logical  reasoning  or  was  it  by  an  effort  of  pure  imagi- 
nation? Because  it  seemed  to  him  (Dr.  Rosenhain)  that  some  of  the 
maxima  and  minima  had  no  observed  points  on  them  at  all,  and  that 
they  were  merely  drawn  by  analogy,  possibly  with  other  curves  from 
another  set  of  experiments,  or  by  analogy  with  the  results  of  Robin  and 
Pisati.  But  one  should  beware  of  analogies  ;  they  were  very  interesting, 
but  he  did  not  think  it  was  right  to  base  thirteen  conclusions  on  them. 

Assuming  for  a  moment  that  his  criticisms  had  been  altogether  too 
severe — as  very  possibly  they  may  have  been — and  that  he  was  not 
justified  in  supposing  that  all  those  irregularities  were  really  experi- 
mental errors,  what  remained?  He  would  ask  the  menUjers  to  notice 
that  he  quite  admitted  such  a  possibility.  In  that  case  there  were  at 
least  two  possible  explanations  which  he  thought  ought  to  be  looked 
into  before  multiple  allotropy  was  invoked.  First  of  all,  he  would  like  to 
invite  attention  to  the  question  of  the  part  which  gases  in  the  metal 
might  play.  The  metal,  when  heated  at  different  temperatures  for  the 
purpose  of  the  experiments,  might  be  under  very  varying  conditions  as 
regards  the  content  of  gases.  He  did  not  know  whether  the  gases  of 
the  fiame  by  which  the  author  heated  his  metals  came  sufficiently  near 
the  metals  to  influence  them.  They  might  have  been  nearer  in  one  case 
than  in  another,  but  he  (the  speaker)  did  not  think  that  was  reallj'  vital. 
There  was  enough  gas  in  those  metals,  and  those  who  had  worked  much  in 
taking  heating  curves  of  wrought  metals  knew  what  an  immense  part  those 
gases  and  their  liberation  from  the  metal  during  heating  really  played  in 
affecting  the  Avhole  behaviour  of  the  material.     If  a  heating  curve  was 
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taken,  the  first  lieatiug  curve  was  generally  very  irregular,  and  when  it 
was  heated  again,  particularly  if  done  in  vacuo,  those  irregularities  dis- 
appeared, because  the  gases  had  disappeared.  Professor  Carpenter  had 
drawn  attention  to  that  in  connection  with  iron.  He  (the  speaker)  had 
experienced  it  in  many  metals.  The  author  claimed  that  mechanical 
tests  were  more  sensitive  for  indicating  changes  in  metals  than  even 
thermal  tests.  Here  was  one  possible  explanation,  in  the  author's  own 
words. 

Another  consideration  was  that  if  one  applied  work  to  those  metals, 
they  were  more  or  less  converted  into  the  amorphous  coirdition  wherever 
internal  slip  took  place,  and  this  occurred  at  a  temperature  at  which, 
according  to  Beilby's  results,  in  some  cases,  at  any  rate,  a  certain  amount 
of  re-crystallization  of  that  amorphous  matter  would  continually  take 
place.  The  extent  and  rate  at  which  that  re-crystallization  took  place 
depended  very  largely  upon  the  amount  of  work  which  had  been  previously 
applied  to  the  metal.  The  more  the  metal  had  been  cold  worked,  par- 
ticularly beforehand,  the  more  amorphous  material  was  present  in  it  to 
begin  with,  and  the  more  those  changes  would  take  place.  He  thought 
the  change  of  amplitude  in  those  irregularities  as  between  the  worked 
material  and  the  annealed  material  might  very  easily  have  something  to 
do  with  the  question  of  the  amount  of  amorphous  material  present  in 
them.  Those  points  were  thrown  out  as  general  suggestions  ;  he  was  not 
going  into  them  in  detail,  but  they  appealed  to  him  as  offering,  at  any 
rate,  an  easier  and  simpler  explanation  than  the  supposition  that  the 
metal  under\yent  allotropic  transformation.  Professor  Turner  had  sug- 
gested that  the  allotropic  transformation  might  be  due  to  polymerization. 
That  afternoon  Professor  Bragg  was  delivering  a  lecture  at  the  Royal 
Society  on  X-rays  and  crystals,  and  was  giving  an  account  of  a  very 
wonderful  series  of  researches  in  which  he  had  shown  very  clearly  the 
manner  in  which  crystalline  bodies  are  built  up.  He  showed  they  were 
built  up  not  of  the  molecules,  but  of  the  atoms  of  which  they  consist, 
and  there  could  therefore  be  no  c^uestion  of  polymerization  unless  there  was 
a  total  rearrangement  of  the  crystalline  structure.  Even  then  he  (the 
speaker)  doubted  if  it  could  occur.  What  allotropy  really  meant  under 
those  conditions  could  only  be  a  change  in  the  atom  itself.  "Atom" 
was  only  a  word.  It  was  not  known  what  the  atom  was  or  what  the 
changes  in  it  might  be,  but  it  came  down  to  the  point  that  no  regroup- 
ing of  the  atoms  in  the  molecule,  such  as  the  regrouping  of  oxygen  to 
ozone,  could  account  for  the  allotropic  changes  in  the  crystalline  solid  if 
the  work  of  Bragg  was  correct.  So  that  more  than  ever  he  was  reluctant 
to  speculate  on  a  large  number  of  allotropic  changes  occurring  every  100 
or  200  degrees  in  a  metal.  He  thought  when  the  work  was  pursued 
further  those  irregularities  would  either  be  wiped  out  by  gradual  experi- 
mental refinement,  or  other  explanations,  perhaps  on  the  lines  he  had 
tried  to  indicate,  would  be  found.  None  the  less  the  paper  was  of  con- 
siderable importance  and  of  very  great  interest.  It  raised  a  subject 
which  was  obviously  in  need  of  further  investigation,  and  the  Institute 
ought  to  be  very  grateful  to  the  author  for  having  brought  it  forward. 
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Dr.  C.  H.  Desch  (Glasgow)  said  that  he  had  had  the  pleasure  of 
seeing  the  greater  number  of  these  tests  carried  out,  and  he  could  testify 
to  the  care  with  which  they  had  been  made.  As  a  practical  method  of 
testing  he  believed  the  method  described  had  a  good  deal  of  value, 
particularly  for  such  objects  as  firebox  stays.  At  the  same  time,  as  a 
scientific  method  of  investigating  allotropic  changes,  he  felt  bound  to 
agree  in  the  main  with  Dr.  Rosenhain's  criticisms.  One  would  hardly 
feel  satisfied  that  those  very  broken  curves  were  real  unless  based  on  a 
very  large  number  of  points.  In  Fig.  19  the  tensile  curve  was  shown 
with  a  large  number  of  maxima  and  minima,  but  if  examined  there  was 
nothing  whatever  in  the  observations  to  indicate  any  maxima  or  minima. 
They  had  been  inferred  from  a  comparison  with  other  tests.  ^lany 
other  people  had  made  tensile  tests  on  copper  at  various  temperatures 
and  had  also  obtained,  as  the  author  did,  points  which  would  lie  on  a  per- 
fectly smooth  curve.  Had  those  maxima  and  minima  been  real,  it  would 
surely  have  been  expected  that  other  observers  would  have  sometimes 
hit  points  on  other  parts  of  the  curve.  Then  with  regard  to  the  quota- 
tions from  Cohen,  if  Cohen's  papers  were  read  with  some  care — the 
original  papers  and  not  the  abstracts — one  must  be  struck  by  the  very 
variable  character  of  the  observations.  Taking  such  a  metal  as  cadmium 
or  copper,  Cohen  found  different  transformation  points  in  diflerent 
specimens,  and  in  his  later  papers,  on  repeating  the  observations,  he 
again  obtained  different  temperatures.  The  transformation  points 
varied  from  specimen  to  specimen.  In  the  preparation  of  Cohen's  speci- 
mens most  of  them  had  a  certain  amount  of  mechanical  work  put  on 
them,  and  thus  contained  a  good  deal  of  amorphous  material ;  and  the 
irregularities  in  the  tests  were,  he  thought,  easily  accounted  for  in  that 
way.  It  would  take  very  much  more  than  the  evidence  brought  forward 
by  Cohen  at  present  to  prove  allotropy  within  the  ordinary  range  of 
temperature  in  the  metals  he  had  examined.  That  maxima  and  minima 
did  exist  in  a  few  cases  was  known  for  certain.  For  instance,  taking 
the  case  of  steel  or  pure  iron,  there  was  an  undoubted  maximum  and  an 
undoubted  minimum  within  quite  ordinary  ranges  of  temperature.  A 
short  time  ago,  he  (the  speaker)  had  collected  together  data  referring  to 
iron,  using  for  very  low  temperatures  Sir  Robert  Hadfield's  results,  for 
moderate  temperatures  Professor  Huntington's  results,  and  for  high 
temperatures  Dr.  Rosenhain's  results.  It  happened  that  no  one  had 
carried  out  a  series  of  tests  for  the  whole  range.  But  putting  those 
together  one  obtained  a  perfectly  smooth  curve,  with  one  minimum  and 
one  maximum  below  700°  C.  That  one  minimum  and  one  maximum 
could  be  quite  well  accounted  for  by  assuming  that  two  changes  in 
properties  were  going  on  which  took  place  in  opposite  directions  with 
different  velocities,  but  a  very  complicated  series  of  changes  would  be 
required  to  account  for  a  large  number  of  maxima  and  minima,  and 
curves  of  the  kind  shown  in  the  paper  seemed  to  him  theoretically  almost 
incomprehensible.  He  did  not  know  whether  that  was  so,  but  he  could 
not  form  any  mental  picture  of  the  kind  of  molecular  change  that  would 
bring  about  a  periodic  change  in  properties  of  that  kind. 
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There  was  only  one  other  point  on  which  he  desired  to  touch,  namely, 
the  method  of  examining  metals  at  different  temperatures  by  acoustic 
tests.  Those  had  been  referred  to  several  times  of  late  and  were  always 
attributed  to  Robin.  It  was  only  fair  to  say  that  those  tests  were  used 
by  Dr.  Beilby  quite  a  long  time  ago.  Dr.  Beilby's  method  was  the  very 
ingenious  one  of  forming  the  piece  of  metal  into  the  vibrating  reed  of  an 
organ  pipe  and  testing  it  in  that  way.  It  was  an  extremely  sensitive 
method  for  detecting  changes  in  the  elastic  proj^erties  of  metals  and 
alloys. 

The  Chairman  (Professor  H.  C.  H.  Carpenter,  M.A.,  Ph.D.,  Vice- 
President)  said  that  he  would  like  to  allude  to  one  point  which  had  not 
been  touched  upon  in  the  discussion,  and  which  related  to  conclusion 
No.  1 2  on  page  44.  The  author  there  said,  "  Except  in  the  case  of 
phase  changes  in  alloys,  mechanical  tests  are  to  be  preferred  to  heating 
and  cooling  curves  as  a  means  of  studying  changes  of  state  with  tem- 
perature." Admitting  that  for  a  moment,  he  (the  Chairman)  would 
point  out  that  that  would  limit  that  method  to  the  study  of  ductile 
alloys ;  it  would  be  quite  impossible  to  apply  it  to  a  brittle  alloy.  He 
wanted  to  ask  the  following  question.  He  presumed  by  "change  of 
state  "  the  author  did  not  mean  the  change  from  the  solid  to  the  liquid 
condition,  but  a  change  in  the  solid  condition.  What  he  wanted  to 
know  was,  what  other  changes  of  state  were  there  in  the  solid  condition  % 
apart  from  phase  changes.  He  had  not  been  able  to  make  out  the 
author's  meaning  of  the  expression  "  change  of  state." 

Professor  Huntington,  in  reply,  said  that  Professor  Turner  at  the 
commencement  of  his  remarks  spoke  of  alternating  tests  as  being  fre- 
quently made  at  the  present  time.  That,  of  course,  was  quite  true  ;  but 
they  were  made  in  the  cold,  and  as  far  as  he  was  aware  nobody  had 
made  alternating  bending  tests,  whilst  the  test-pieces  were  heated  to 
defijiite  temperatures.*  Then  Professor  Turner  remarked  that  the  diffe- 
rences shown  in  the  curves  were  not  sufficient,  or  were  not  of  great 
importance.  He  was  bound  to  say  he  totally  disagreed  with  Professor 
Turner  in  that.  If  the  original  curves  were  looked  at  it  would  be  found 
the  differences  in  those  curves  were  very  considerable  in  the  number  of 
revolutions  which  the  metal  would  stand  at  different  temperatures.  Pro- 
fessor Turner  thought  the  results  were  interesting,  but  not  of  great 
practical  importance.  Dr.  Rosenhain,  who  followed  Professor  Turner, 
remarked  that  he  thought  they  were  of  great  practical  importance. 
Personally,  he  thought  they  were  of  practical  importance.  He  had 
made  them  with  a  practical  object,  and  he  certainly  got  information  out 
of  them.  With  regard  to  Dr.  Rosenhain's  remarks,  he  had  first  of  all 
referred  to  the  movement  of  the  specimen  in  the  jaws.  The  amount  of 
easing  of  the  edge  in  order  to  prevent  the  bar  being  nicked  certainly  did 

*  The  author  has  since  looked  up  the  work  done  by  M.  Le  Blant,  whose  name  is 
mentioned  in  Robin's  table,  and  found  that  he  made  tests  of  that  nature.  These  tests 
are  referred  to  in  the  author's  communicated  reply,  p.  77. 


Discussion  on  Htmtington  s  Paper  61 

not  enable  the  bar  to  move  freely  about  in  the  jaw  ;  very  far  from  it. 
It  simply  prevented  the  bar  being  nicked  through  the  sharp  edge 
being  brought  into  contact  with  the  bar,  and  the  bar  being  forced  against 
it.  The  amount  taken  oif  was  very  minute — the  least  possible.  With 
reference  to  heating,  Dr.  Rosenhain  had  pointed  out  that  the  heat  was 
not  the  same  at  the  outside  of  the  bar  as  it  was  inside.  That  was  not 
so.  The  bar  was  surrounded  by  the  heated  holders,  and  the  fracture  took 
place  at  the  actual  edge  of  the  holders.  After  all,  the  tests  were  made 
in  precisely  the  same  way  on  the  same  alloys  made  up  at  different  times 
— actually  in  different  years — the  tests  ranging  from  1902  up  to  1905, 
and  it  would  be  seen  the  curves  were  the  counterpart  one  of  the  other. 
That  was  a  fact  which  could  not  be  got  away  from.  It  was  no  use  saying 
that  the  tests  might  vary  from  this  cause  or  that  cause.  There  were 
identical  curves  made  in  different  years  and  different  coppers  used,  and 
yet  the  curves  repeated  themselves.*  Dr.  Rosenhain  said  he  could 
draw  a  mean  curve  through  the  points  which  would  not  show  those  maxima 
and  minima.  It  seemed  to  him  that  Dr.  Rosenhain  condemned  his 
opinion  in  advance,  because  in  the  Ninth  Report  of  the  Alloys  Research 
Committee,  Dr.  Rosenhain  pointed  out  irregularities  in  his  curves.  He 
produced  three  curves  to  which  he  devoted  a  page  of  print,  specially 
emphasizing  the  fact  that  they  did  show  maxima  and  minima.  He  (the 
speaker)  had  forgotten  all  about  those  curves  until  he  was  writing  the 
paper.  He  then  looked  them  up  very  carefully,  and  found  that  those 
curves  which  were  tensile  curves  showed  maxima  and  minima  of  the 
nature  of  the  curves  he  had  put  in  the  paper  on  the  alternating  machine. 
It  was  true  they  did  not  absolutely  agree  one  with  another  ;  they  showed 
certain  differences,  but  they  undoubtedly  showed  maxima  and  minima. 
There  were  points  which  were  displaced,  which  was  obviously  something 
to  do  with  the  way  in  which  the  experiments  had  been  carried  out, 
because  there  were  points  agreeing  in  two  of  the  curves,  and  in  the  third 
they  were  lower  or  higher.  Dr.  Rosenhain  had  referred  to  the  question  of 
gases.  He  (the  speaker)  did  not  see  how  gases  corfld  produce  curves 
which  were  in  agreement  with  one  another.  He  had  not  expected  that 
all  the  conclusions  in  the  paper  would  be  readily  accepted,  but  he  had 
put  the  results  on  record.  There  was  no  doubt  only  the  fringe  of  that 
class  of  work  had  been  touched,  and  a  great  deal  remained  to  be  done. 
He  did  not  for  a  moment  suggest  there  was  any  finality  about  the  results 
shown  in  the  paper ;  they  were  merely  suggestive. 

The  Chaiemax  thought  the  members  would  agree  with  him  that  they 
had  had  a  very  interesting  paper  from  Professor  Huntington  which  had 
provoked  an  equally  interesting  discussion  and  a  spirited  reply.  He 
was  glad  to  notice  that  the  author  had  indicated  that  he  might  follow  up 
with  a  second  paper  on  the  same  subject. 

*  In  Figs.  11  and  12,  pp.  35  and  .36,  these  curves  were  shown  plotted  together.  It 
would  be  seen  that  many  points  were  identical  in  the  curves,  from  which  only  one 
conclusion  could  be  drawn,  viz.  that  they  had  the  same  cause  in  common. 
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COMMUNICATIONS. 

Mr.  L,  Archbutt  (Member  of  Council)  wrote  that  he  was  much 
interested  in  the  photomicrographs  in  Plate  I.  of  the  author's  paper, 
although  he  had  been  unable  to  find  any  reference  to  them  in  the  paj^er. 
He  believed  that  iutercrystalline  fractures  were  not  uncommon  in  fire- 
box material,  and  they  could  usually  be  traced  to  the  material  having 
become  overheated  either  in  the  firebox  or  in  process  of  manufacture. 
The  accompanying  photomicrographs  showed  iutercrystalline  fracture  in 
a  brass  tube  (of  70  :  30  brass)  which  burst  in  the  boiler.     Fig.  21  showed. 


Fig.  21. 


under  a  magnification  of  50  diameters,  a  crack  running  nearly  parallel 
to  the  cii'cumference  of  the  tube  and  to  the  main  fracture,  and  about 
Jg-  inch  from  the  latter.  Fig.  22  illustrated  a  part  of  the  same 
fracture,  magnified  150  diameters.  The  fine  parallel  lines  resembling 
slip  bands  seen  in  most  of  the  crystals  were  seen  under  still  higher 
magnification  (700  diameters)  in  Fig.  23,  which  showed  one  of  the  more 
deeply  etched  grains. 

Professor  Dr.  C.  A.  F.  Benedicks  (Stockholm)  wrote  that  Professor 
Huntington's  experiments  on  the  effect  of  alternating  stress  at  high 
temperatures  seemed  to  the  writer,  though  not  much  experienced  in  that 
direction,  to  be  of  highly  practical  value.  From  a  purely  scientific 
point  of  view  those  mechanical  measurements  might  not  be  capable  of 
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Fig.  22 
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Fig.  23. 
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giving  the  same   accuracy  as   many  other  deter minatious,  so   that,  as 
proved  by  the  paper,  difficulties  arose  in  their  graphical  representation. 

For  instance,  the  author  proposed  to  draw  Fig.  19,  p.  48,  which  sum- 
marized experiments  on  copper,  as  if  not  less  than  six  sharp  maxima, 
and  five  minima,  were  established.  In  order  to  analyse  that  question, 
he  (Dr.  Benedicks)  would  state  that  a  single  straight  line — used  in  order 
to  represent  a  series  of  observed  points,  or  for  any  other  purpose — 
implied  the  free  disposition  of  two  arbitrary  constants,  which  could  be 
chosen  in  any  way  so  as  to  harmonize  with  the  observations.     In  Fig.  19, 
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Fig.  24. 


for  each  of  the  two  upper  series  twelve  different  straight  lines  were  used, 
which  signified  that  not  less  than  twenty-four  arbitrary  constants  could 
be  disposed  of.  In  order  to  determine  those  twenty-four  constants  in 
each  series,  only  eight  observed  points  were  available.  Thus  a  con- 
siderable number  of  constants  were  left  undetermined  and  could  be 
chosen  arbitrarily ;  that  number  was  much  higher  than  necessary  for 
allowing  the  lines  to  pass  through  any  six  (or  even  more)  preconceived 
maximum  points.  If  the  writer  had  to  draw  some  curves  to  suit  the 
observations  plotted  in  Fig.  19,  he  would  draw  a  continually  bent  curve 
like  I  (Fig.  24) — or  a  broken  line  as  II — which  also  very  easily  could  be 
drawn  as  a  continuous  curve. 
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Mr.  F.  Johnson,  M.Sc.  (Birmingham),  wrote  that  he  did  not  agree  that 
the  exact  composition  of  the  copper  alloy  was  immaterial.  If  the  results 
of  the  tests  possessed  any  value  for  future  reference,  it  was  of  the  utmost 
importance  that  the  composition  of  the  material  should  be  made  known. 
If  the  author  had  considered  it  not  worth  while  to  have  the  alloy 
analysed,  the  scientific  value  of  the  work  appeared  to  him  to  be  seriously 
discounted ;  w^hilst  if  the  composition  were  known  to  the  author,  the 
significance  of  the  test  results  could  not  be  fully  appreciated  by  anyone 
else. 

The  author  stated  that  the  copper  test-pieces  were  similar  in  composi- 
tion to  those  given  in  a  note  *  appearing  in  a  previous  Journal.  If  the 
analyses  were  examined,  it  would  be  seen  that  no  figures  appeared  for 
either  oxygen  or  lead,  thus  rendering  the  data  almost  useless,  owing  to 
the  possibilities  of  variation  of  the  former  element  in  commercial  copper 
and  the  great  probability  of  the  occurrence  of  the  latter.  The  influences 
of  cuprous  oxide  and  of  lead  at  high  temperatures  upon  the  mechanical 
properties  of  copper  were  anything  but  immaterial. 

Dr.  George  K.  Burgess  (Bureau  of  Standards,  Washington)  wrote 
that  Professor  Huntington  was  to  be  congratulated  for  emphasizing  the 
need  of  increasing  the  meagre  knowledge  of  the  behaviour  of  metals  in 
two  very  important  respects:  (1)  the  change  of  physical  properties  over 
considerable  temperature  intervals,  and  (2)  the  determination  of  the  effect 
of  alternating  stresses.  The  experiments  of  Professor  Huntington,  in 
combining  these  two  phenomena  for  copper  and  "  copper  alloy,"  afforded 
a  welcome  addition  to  this  difficult  and  too  little  explored  field,  and  it 
was  to  be  hoped  that  he  would  be  able  more  definitely  to  delimit  the 
periodicities  in  properties  and  to  extend  his  investigations  to  other 
metals. 

Professor  Huntington  laid  great  emphasis,  and  rightly  so,  on  the 
importance  of  mechanical  tests  over  long  ranges  of  temperature  as  being 
helpful  in  clearing  up  and  defining  the  nature  of  the  changes  in  state 
which  occurred  in  metals,  but  it  was  difficult  to  follow  Professor  Hunting- 
ton in  his  reference  to  heating  and  cooling  curves  as  a  relatively  unsatis- 
factory method  of  attack  because  of  "  the  fact  that  the  change  points  in 
a  metal  cooling  after  solidification  appear  to  be  largely  potential  rather 
than  actual,  and  consequently  very  little  heat  is  absorbed,"  whereas 
"when  work  is  put  on  a  metal  the  change  points  are  developed  in  a  sur- 
prising way."  Now,  almost  any  physical  property  of  a  metal — with  the 
possible  exception  of  alternating  stress  phenomena — might  be  examined 
with  continuously  changing  temperature,  and  if  the  measurements  were 
made  with  sufficient  precision  and  slowness,  the  "change  points"  or 
ranges  would  be  brought  out  if  they  affected  the  phenomenon  in  question. 
Thus,  for  example,  the  electrical  resistance  of  a  metal  such  as  iron  f  or 
copper  might  readily  be  measured  continuously  arid  at  a  very  slow,  uni- 

*  Journal  of  the  Institute  of  Metals,  No.  2,  1914,  vol.  xii.  p.  234. 

t  Bureau  of  Standards,  Scientific  Paper  No.  236,  "  Electrical  Resistance  and  Critical 
Ranges  of  Pure  Iron." 
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form  rate  over  wide  temperature  intervals  (0  to  900°  C.  say)  to  1  part 
in  300,000,  an  accuracy  far  greater  than  could  be  ordinarily  attained  in 
mechanical  measurements.  Similarly,  despite  the  statement  of  Osmond 
quoted  by  Professor  Huntington,  the  accuracy  of  thermo-electrically 
measured  cooling  curves  might  be  practically  of  any  desired  precision  ;  * 
and  Professor  Benedicks  had  shown  f  the  very  considerable  delicacy 
that  might  readily  be  attained  in  dilatation  measurements  using  solid 
strips. 

In  view  of  Professor  Huntington's  interesting  results  showing  certain 
apparent  mechanical  periodicities  for  copper  and  "  copper  alloy " — 
although  it  was  not  always  easy  to  follow  his  construction  of  the  curves 
as  drawn  with  their  peaks  not  always  apparently  defined  by  the  observa- 
tions— it  would  be  interesting  to  take  a  "  heating  curve,"  by  several  of 
the  above-mentioned  extremely  sensitive  methods,  for  copper  initially  in 
a  state  of  severe  internal  stress  to  see  if  this  periodicity  was  still  present 
for  these  other  physical  properties.  For  annealed  copper- wire,  some 
(unpublished)  experiments  recently  carried  out  with  the  assistance  of 
Mr.  Kellberg  showed  no  discontinuity  in  electrical  resistance  (to  1  in 
300,000)  between  5  and  95°  C,  the  anomaly  found  by  Professor  Cohen 
at  about  70°  C.  for  copper  (powder  in  contact  with  an  electrolyte)  being 
absent.  Again,  the  electrical  resistance  of  iron  appeared  to  show  no 
anomalies  corresponding  to  those  found  by  the  late  lamented  Robin  in 
his  vibratory  tests.  It  might  be,  as  Professor  Huntington  intimated,  that 
the  molecular  motion  and  consequent  possibility  of  rearrangement  accom- 
panying alternating  stress  phenomena  gave  the  metal  an  opportunity, 
not  possessed  when  quiescent,  to  change  its  molecular  state  within 
definite  temperature  intervals ;  although  this  would  not  explain  an 
agreement  between  the  alternating  stress  and  ordinary  tensile  phenomena. 
It  would  have  been  of  considerable  interest  if  data  had  been  presented 
showing  with  what  certainty  the  alternating  stress  results  might  be 
repeated  at  any  given  temperature  with  pieces  cut  from  the  same  bar. 

It  was  also  of  interest,  in  this  connection,  to  compare  Professor 
Huntington's  results  with  those  of  Messrs.  Spring  and  Brigowski  J  on 
the  mechanical  properties  of  several  metals  and  alloys  over  a  wide  tem- 
perature interval.  These  experimenters  did  not  seem  to  have  obtained 
such  periodicities  in  properties  as  Professor  Huntington  had  noted, 
although  their  observation  points  might  not  have  been  close  enough  to- 
gether to  detect  this  phenomenon. 

Referring  to  the  remarks  on  page  39,  it  appeared  diflficult  to  see 
why  there  should  be  any  correlation  between  the  location  of  maxima 
or  minima  for  copper  and  for  steel  such  as  noted  by  Professor 
Huntington. 

Undoubtedly  this  whole  question  of  the  anomalies  in  properties  of  the 
ordinary  metals,  particularly  as  associated  with  real  or  supposed  allo- 
tropic  changes  of  the  first,  second,  or  third  order  of  intensity  or  extent, 

*  Bureau  of  Standards,  Scientific  Paper  No.  213,  "  Critical   Ranges  A2  and  A3  of 
Pure  Iron." 
t  Journal  of  the  Iron  ajtd  Steel  Institute,  No.  I.  1914,  vol.  Ixxxix.  pp.  407  et  seq. 
X  Proceedings  of  the  International  Association  for  Testing  Materials,  1912,  vol.  vii.  p.  1. 
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was  one  that  would  require  a  great  deal  more  experimental  work  before 
the  many  questions  of  fact  and  theory  that  had  been  raised  recently 
could  be  settled  satisfactorily.  Having  been  charged  as  being  too  positive 
concerning  the  existence  of  an  allotropic  change  in  iron  from  a  to  /5  at  A2, 
based  on  thermo-electric  measurements,  he  (Dr.  Burgess)  took  the  liberty  of 
questioning  the  probable  existence  as  allotropic  changes  of  a  few  of  the 
anomalies  noted  by  mechanical  means  in  copper  by  Professor  Huntington. 

Professor  Henry  Le  Chatelier  wrote  that  he  had  read  with  great 
interest  the  paper  by  Professor  Huntington.  As  far  as  he  was  aware, 
this  was  the  first  attempt  ever  made  to  study  the  influence  of  alternating 
strains  at  temperatures  diff"erent  from  that  of  the  surrounding  atmosphere. 
Researches  of  this  kind  were  lengthy  and  difiicult  by  reason  of  the 
amount  of  mechanical  work  expended  on  each  trial ;  our  knowledge, 
moreover,  progressed  only  very  slowly.  In  his  (Mr.  Le  Chatelier's) 
opinion,  progress  would  be  somewhat  more  rapid  only  when  it  was 
decided  to  utilize  \'ibratory  movements,  i.e.  a  period  of  alternation  of 
the  strains  synchronizing  with  the  duration  of  the  vibration  of  the  trial 
bar  under  test.  In  this  way,  the  total  elastic  work  stored  up  in  the 
bent  bar  would  be  recovered  at  each  oscillation.  All  that  remained  to 
be  furnished  in  addition  was  the  work  of  permanent  deformation  which 
was  always  very  feeble,  comparatively.  As  soon  as  the  permanent  de- 
formations became,  in  fact,  somewhat  considerable,  fracture  was  produced 
after  a  very  small  number  of  alternating  movements.  One  unforeseen 
result  of  the  tests  made  by  Professor  Huntington  was  the  small  supe- 
riority of  the  alloy  in  comparison  with  pure  copper.  The  elastic  limit  of 
the  alloy  was,  at  all  temperatures,  at  least  three  times  as  great  as  that 
of  copper,  but,  nevertheless,  the  number  of  alternating  movements, 
necessary  for  producing  the  first  cracks  or  complete  rupture,  was  seldom 
twice  as  large.  That  was,  no  doubt,  due  to  the  fact  that  each  bending 
was  sufficient  to  cause  the  elastic  limit  to  be  exceeded,  and  consequently 
to  produce  a  small  permanent  deformation,  which  cancelled  the  influence 
of  the  elastic  limit. 

Another  fact,  which  was  just  as  little  foreseen,  was  the  favourable 
influence  of  annealing  on  the  resisting  power  of  the  alloy  in  the  hot 
state.  The  number  of  bendings  necessary  for  producing  the  rupture  of 
the  alloy,  as  received  from  the  rolling-mill,  decreased  by  half  when  the 
temperature  rose  to  300°,  while  there  was  no  considerable  change  in  the 
annealed  alloy. 

Professor  Le  Chatelier,  however,  did  not  think  that  the  existence  of 
maximum  and  minimum  resistances,  corresponding  to  definite  tempera- 
tures, could  be  admitted.  He  considered  that  the  irregularity  in  the 
results  must  be  attributed  to  accidental  causes.  In  the  same  way  as 
in  tests  for  ascertaining  the  brittleness  of  notched  bars  subjected  to 
shock,  the  breaking  tests  under  alternating  stresses  might  be  largely 
influenced  by  apparently  insignificant  circumstances,  particularly  by 
small  irregularities  in  the  metal  near  the  surface.  If  a  certain  number 
of  tests  were  made  at  the  same  temperature  upon  pieces  cut  consecutively 
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from  one  and  the  same  bar,  differences  would  no  doubt  be  found  of 
the  same  importance  as  occurred  between  trials  made  at  different,  but 
neighbouring,  temperatures.  At  present  it  would  be  premature  to 
attempt  to  formulate  laws  of  variation  in  the  resistance  to  alternating 
stresses  in  relation  to  temperature. 

{Original  Text  of  above  Communication.) 

M.  le  Professeur  Henry  Le  Chatelier  (Paris)  a  lu  avec  beaucoup 
d'int^ret  le  memoire  de  M.  le  Professeur  Huntington.  C'est,  a  sa  con- 
naissance,  la  premiere  tentative  faite  pour  etudier  I'influence  des  efforts 
alternatifs  a  des  temperatures  differentes  de  la  temperature  ambiante. 
Les  recherches  de  cette  nature  sont  longues  et  difficiles  en  raison  de 
I'importance  du  travail  mecauique  depense  pour  chaque  experience ; 
aussi  nos  connaissances  ne  progressent-elles  que  tres  lentement.  A  son 
avis,  on  n'avancera  un  peu  rapidement  que  le  jour  oil  I'on  se  decidera  a 
utiliser  les  mouvements  vibratoires,  c'est  a  dire  une  periode  d'alternance 
des  efforts  synchrone  avec  la  duree  de  vibration  de  I'eprouvette  etudiee. 
On  recupere  ainsi  a  chaque  oscillation  la  totalite  du  travel  elastique 
emmagasine  dans  la  barre  flechie.  On  n'a  guere  a  fournir  en  plus  que 
le  travail  de  deformation  permanente  qui  est  toujours  relativement  tres 
faible.  Des  que  les  deformations  permanentes  deviennent  en  effet  un 
peu  notables,  la  rupture  se  produit  apres  un  tres  petit  nombre  d'alter- 
nances.  Un  resultat  assez  imprevu  des  experiences  de  M.  le  Professeur 
Huntington  est  la  faible  superiority  de  I'alliage  par  rapport  au  cuivre 
pur.  La  limite  elastique  de  I'alliage  est  a  touts  temjteratures  au  moins 
3  fois  plus  elevee  que  celle  du  cuivre,  et  cependant  le  nombre  des  alter- 
nances  necessaires  pour  provoquer  les  premieres  fentes  ou  la  rupture 
complete  est  rarement  le  double.  Oela  tient  sans  doute  a  ce  que  dans 
ces  experiences  chaque  flexion  etait  suffisante  pour  amener  un  di'passe- 
ment  de  la  limite  elastique  et,  par  suite,  une  petite  deformation  per- 
manente.    Cela  annulait  I'influence  propre  de  la  limite  elastique. 

Au  autre  fait  non  moins  imprevu  est  I'heureuse  influence  du  recuit 
sur  la  resistance  a  chaud  de  I'alliage.  Le  nombre  de  flexions  necessaire 
pour  produire  la  rupture  de  I'alliage  brut  de  laminage  diminue  de  moitie 
quand  la  temperature  s'eleve  jusqu'a  300°,  tandis  que  pour  I'alliage  recuit 
11  n'y  a  pas  de  changement  notable. 

M.  le  Professeur  Le  Chatelier  ne  croit  pas  cependant  pouvoir  admettre 
I'existence  de  maxima  et  de  minima  de  resistances  correspondant  a  des 
temperatures  determinees.  L'irregularit'e  des  resultats  lui  semble  devoir 
ctre  attribute  4  des  causes  accidentelles.  De  meme  que  pour  les  essais 
des  fragilite  au  choc  sur  barreaux  entailles,  les  essais  de  rupture  aux 
efforts  alternatifs  peuvent  etre  grandement  influences  par  des  circon- 
stances  insignifiantes  en  api^arence,  notamment  par  des  petites  irr^gu- 
larites  du  metal  au  voisiuage  de  la  surface.  Si  on  repetait  un  certain 
nombre  d'experiences  a  la  meme  temperature  sur  des  tronyons  decoupes 
a  la  suite  I'un  de  I'autre  dans  une  meme  barre,  on  trouverait  sans  doute 
des  ecarts  de  meme  importance  qu'entre  des  experiences  faites  a  des 
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temperatures  differentes  mais  voisines.  II  serait  premature  pour  le 
moment  de  chercher  a  formuler  des  lois  de  variations  de  la  resistance 
aux  efforts  alternatifs  en  fonction  de  la  temperature. 

Dr.  \V.  KosENHAiN,  F.R.S.  (Member  of  Council),  wrote  that,  in 
accordance  with  his  remarks  made  at  the  Meeting,  he  now  submitted 
one  or  two  examples  to  show  how  a  smooth  curve  could,  in  many  cases,  be 
drawn  so  as  to  satisfy  Professor  Huntington's  data,  leaving  only  relatively 
minor  irregularities  to  be  accounted  for.     Taking  the  first  of  Professor 
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Fig.  2.5.— From  Professor  Huntington's  Fig.  3. 

Huntington's  figures  (Fig.  3  of  the  paper),  this  had  been  copied  in 
Fig.  25  below^  with  only  this  difference,  that  Professor  Huntington's 
stepped  "  curve "  had  been  merely  dotted  in,  and  smooth  curves  had 
been  drawn  in  full  lines.  These  full  curves  were  nowhere  more 
than  500  units  above  or  below  the  observed  points,  while  Professor 
Huntington,  in  order  to  make  his  steps  take  the  shape  be  desired,  had 
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ignored  two  low  points  (about  310°  and  350°)  entirely — so  that  these  lay 
1000  units  off  the  "  curve."     If  the  author  had  any  right  to  ignore  these 
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low  points,  that  implied  an  admission  on  his  part  that  errors  of  that 
order  might  occur  in  his  observations.      As  another  example,  he  (Dr. 
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Rosenhain)  had  re-drawn  Professor  Huntington's  Fig.  19  in  Fig.  26. 
The  smooth  curves  fitted  the  observed  points  quite  well,  and  there  was 
no  need  for  the  "  futurist "  curves  suggested  by  the  author. 

Professor  Huntington  had,  in  his  reply  to  the  verbal  discussion, 
referred  to  some  results  obtained  by  him  (Dr.  Rosenhain)  in  high-tem- 
perature tensile  tests  on  alloys  of  copper  with  aluminium  and  manganese. 
In  the  first  place,  the  writer  would  point  out  that  alloys  containing  over 
9  per  cent,  of  aluminium  cannot  be  regarded  as  comparable  with  copper — 
the  alloys  are  duplex  in  structure  and  undergo  complex  changes  on 
cooling.  Results  obtained  with  them  can  therefore  neither  confirm  nor 
confute  the  results  of  other  tests  made  on  pure  copper  or  on  a  alloys 
of  copper.  Apart  from  this,  however,  it  should  be  pointed  out  that  the 
irregularities  to  which  Professor  Huntington  referred  are  confined  to 
the  elongation  ;  the  ultimate  stress  and  yield  point  do  not  follow  these 
irregularities.  Since  making  those  tests,  however,  the  writer  had 
accumulated  somewhat  extensive  experience  of  high-temperature  testing 
on  other  materials,  and  had  been  driven  to  the  conclusion  that  "elonga- 
tion "  results  are  very  apt  to  be  erratic,  in  the  sense  that  the  elongation 
is  subject  to  serious  influences  from  factors  not  readily  taken  into 
account.  Rate  of  stretching  was  one  of  these  factors ;  the  influence  of 
dissolved  gases  and  of  previous  application  of  work  he  (Dr.  Rosenhain) 
had  already  dwelt  upon.  Probably  the  peculiarities  of  the  aluminium- 
copper  alloy  curves  cited  by  Professor  Huntington  might  be  ascribed  to 
some  such  cause.  Their  recurrence  in  three  alloys,  out  of  four  that 
were  tested,  need  only  imply  that  all  had  received  identical  treatment, 
and  were  therefore  in  a  similar  condition,  whether  in  regard  to  dissolved 
gases,  cold  work,  or  other  factors. 

Professor  A.  K.  Huntington,  Assoc.R.S.M.  (Past-President),  wrote 
in  reply  to  the  various  communications  that  he  was  glad  to  see  that  Mr. 
Archbutt  had  sent  in  some  interesting  photomicrographs  of  intercrystal- 
line  fractures  in  brass  tubes.  He  hoped  to  have  something  to  say  with 
regard  to  them  in  the  near  future.  The  photomicrographs,  Plate  I.,  were 
put  in  as  of  possible  interest,  more  particularly  to  members  engaged  in 
practical  pursuits.     They  were  thought  to  be  sufficiently  self-explanatory. 

Of  course  Mr.  F.  Johnson  was  entitled  to  his  opinion,  but  it  might 
also  be  conceded  that  the  opinion  of  the  author — who  was  carrying  on 
investigations  in  metallurgical  matters  at  a  time  when  Mr.  F.  Johnson 
had  not  yet  undergone  the  allotropic  change  from  petticoats  to  "  trous  " 
— was  entitled  to  some  consideration. 

The  metals  used  in  making  uj)  the  alloys  had  been  analysed  in  the 
author's  laboratory.  They  were  of  exceptional  purity.  The  alloys  them- 
selves had  also  been  analysed.  In  the  author's  opinion  he  had  given  all 
the  information  necessary  for  the  objects  of  the  paper.  Figs.  11  and  12 
showed  that  the  results  obtained  from  all  three  samples  were  in  close 
agreement.  The  same  remark  applied  to  the  coppers.  In  Figs.  1  and  2 
(p.  235)  of  the  author's  1914  Note  they  were  seen  to  give  identical 
curves  notwithstanding  slight  differences  in  oxygen  content  and  greater 
differences  in  respect  to  arsenic.     Lead  was  not  present. 
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There  was  no  doubt  something  to  be  said  for  Professor  Benedicks' 
point  of  view  regarding  the  more  complicated  curves  derived  from  the 
original  curves.  He  was,  in  fact,  aware  of  it.  Those  curves  had,  how- 
ever, served  their  purpose.  "  What  is  sauce  for  the  goose  is  sauce  for 
the  gander  "  !  If  Dr.  Benedicks'  dictum  held  good,  he  provided  ample 
jjroof  that  there  were  at  least  two  maxima  and  two  minima  in  the 
original  curves  Figs.  11  and  12,  pp.  35,  36,  which  was  the  first  and  main 
point  the  author  was  attempting  to  establish. 

In  reply  to  Dr.  Kosenhain,  it  was  to  be  regretted  that  Dr.  Rosenhain 
had  selected  the  copper  curves  to  illustrate  his  remarks,  as  the  copper 
had  been  thoroughly  annealed,  and  consequently,  as  shown  in  the  paper, 
the  observed  points  would  not  be  much  removed  on  either  side  from  a 
mean  line.  If  Dr.  Rosenhain  had  referred  to  the  author's  Note  in  the 
last  number  of  the  Journal,  he  would  have  found  that  the  reduction  of 
area  curve  for  this  copper  (27.10.02)  was  shown  in  Fig.  4,  p.  239,  as 
Dr.  Rosenhain  has  dra^vn  it.  Had  Dr.  Rosenhain  taken  as  examples 
the  copper  alloys  which  had  work  still  remaining  on  them,  he  would  have 
found  his  task  less  easy.  Dr.  Rosenhain  in  his  gentle  gibe  at  the 
"futurist"  curves,  with  the  usual  zeal  of  the  convert,  forgets  that  he 
was  a  "  futurist "  once  ! 

In  order  to  bring  out  the  remarkable  agreement  between  these  three 
tests  at  all  temperatures  at  which  tests  were  made,  they  have  been 
replotted  together  in  Figs.  11  and  12.  The  author's  contention  was 
that  it  would  require  a  miracle  to  bring  about  such  agreement  unless 
the  shape  of  the  curves  was  due  to  a  common  cause,  and  therefore 
reproducible.  But  if  the  curves  were  reproducible  as  shown  by  Figs. 
11  and  12,  then  it  was  clear  that  the  results  obtained  with  the  apparatus 
were  reliable.  Dr.  Rosenhain's  comments  notwithstanding.  Dr.  Rosen- 
hain's  description  of  the  working  of  the  apparatus  was,  in  fact,  a  travesty 
of  the  facts.  There  was  no  direct  radiation  from  the  bar,  because,  as 
already  pointed  out,  the  heated  end  was  inside  the  heated  holder,  there- 
fore the  outside  of  the  bar  could  not  vary  appreciably  in  temperature 
from  the  interior.  There  was  no  temperature  gradient,  because  the 
cracking  and  final  breaking  took  place  at  the  immediate  edge  of  the 
holder.  Dr.  Rosenhain  said  at  the  meeting  that  "  the  author  pronounced 
the  death  sentence  on  the  machine  in  his  own  paper  when  he  said  that 
the  jaws  had  to  be  slightly  eased  so  that  the  specimen  should  not  be 
nipped  by  them."  The  author  said  nothing  of  the  kind.  He  said  the 
edges  of  the  jaws — quite  a  different  thing.  The  holders  were  about  five 
inches  long  in  contact  with  the  bar,  and  the  amount  taken  off  the  edge 
to  prevent  cracking  was  practically  imperceptible.  The  author  sub- 
mitted that  criticism  of  that  kind  served  no  useful  purpose — in  fact,  did 
harm.  Dr.  Rosenhain's  comments  on  the  pi'inciple  of  the  machine  at  the 
meeting  were  also  not  in  accordance  with  the  facts.  He  said,  "  The 
mechanical  properties  changed  as  work  was  applied,  consequently  some- 
thing was  being  applied  which  was  indefinite,  because  it  varied  from  one 
specimen  to  another,  and  also  during  the  test  itself."  The  results  of  the 
tests  showed  that  that  was  not  the  case.     The  breaking  curves,  which 
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-would  be  more  accurately  described  as  final  cracking  curves,  were 
remarkably  parallel  to  the  curves  for  the  commencement  of  cracking, 
and  the  curves  for  all  three  samples  of  the  alloy  agreed.  The  only 
exception  was  as  regarded  the  portions  of  the  curves  at  temperatures 
lower  than  about  150°  C,  referred  to  in  the  reply  to  Professor  H.  Le 
Chatelier. 

The  author  congratulated  Dr.  Rosenhain  on  the  straightforward  way 
in  which  he  had  admitted  in  his  communicated  remarks  that,  after  all, 
the  tests  referred  to  in  the  author's  reply  at  the  meeting  to  Dr.  Rosen- 
hain's  observations  did,  in  fact,  "leave  something  to  be  desired,"  and 
that  the  author's  tensile  curves  for  copper  were  after  all  very  nice 
indeed,  statements  which  in  the  discussion  on  the  author's  1912  paper 
Dr.  Rosenhain  vigorously  denied.  His  explanation  of  the  probable 
causes  of  the  discrepancies,  in  the  author's  opinion,  still  left  something 
to  be  desired. 

In  his  communicated  remarks  Dr.  Rosenhain  maintained  that  alloys 
containing  over  9  per  cent,  of  aluminium  could  not  be  regarded  as  com- 
parable with  copper  and  a-copper  alloys.  This  question  was  fully  gone 
into  by  the  author  in  the  discussion  on  the  Eighth  Report  of  the  Alloys 
Research  Committee  (1907).  It  was  then  pointed  out  that  an  alloy  of 
copper  with  9  per  cent,  of  aluminium  was  comparable  with  an  alloy  of 
copper  with  40  per  cent,  of  zinc,  which  alloy  gave  a  curve  of  precisely 
the  same  character  as  that  for  copper  and  a  alloys  of  copper.* 

Professor  Huntington  welcomed  Dr.  Burgess'  carefully  considered 
communication  and  the  interest  he  displayed  in  the  subject,  and  he 
regretted  that  it  had  not  been  possible  for  Dr.  Burgess  to  see  the  additions 
that  the  author  had  made  in  the  rej)ly  to  the  discussion.  More  par- 
ticularly Figs.  11,  12,  and  13  (pp.  35,  36,  37),  and  the  reply  to  Professor 
H.  Le  Chatelier's  communication  (p.  67).  It  was  gratifying  that  Dr. 
Burgess  endorsed  the  author's  plea  for  further  work  in  the  direction 
indicated.  Dr.  Burgess,  in  the  second  paragraph  of  his  communication, 
expressed  some  doubt  as  to  the  author's  meaning  in  speaking  of  heating 
and  cooling  curves  and  the  efi'ect  of  work.  Yet  in  his  third  para- 
graph he  gave  expression  to  the  author's  views  when  he  said  "it  would 
be  interesting  to  take  a  '  heating  curve  '  by  several  of  the  above-mentioned 
extremely  sensitive  methods  for  copper  initially  in  a  state  of  severe 
internal  stress.   .   .  ." 

In  the  author's  opinion  it  appeared  probable  from  his  experiments  that 
if  a  thoroughly  annealed  metal  were  tested  without  work  being  put  on 
it,  no  pronounced  maximum  or  minimum  would  appear  in  the  curves, 
but  that  in  the  case  of  cold-worked  metal  maxima  and  minima  would  be 
developed  whose  amplitude  would  be  proportional  to  the  work  taken  up 
by  the  metal — at  any  rate  at  temperatures  below  150°  C.  If  that 
were  so,  a  latent  tendency  to  cause  maxima  and  minima  in  the  curves 
existed  in'  the  metals. 

There  was  a  stumbling-block  in  the  way  of  carrying  out  such  tests 

*  See  also  pp.  235,  239,  and  250  in  the  author's  Note  in  vol.  xii.  of  the  Journal  of  this 
Institute. 
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which  the  author  had  not  yet  referred  to,  viz.  when  metals  partially 
anneal  at  quite  low  temperatures  during  the  test.  The  curves  might  be 
greatly  modified  by  such  annealings.  For  this  reason  alloys  of  the 
nature  used  by  the  author  were  to  be  preferred  to  pure  copper,  for 
instance,  or  gold. 

Since  the  author's  paper  was  read  at  the  Institute  of  Metals,  a  very 
interesting  paper  on  "  Stress-strain  Loops  for  Steel  in  the  Cyclic  State  " 
had  been  communicated  to  the  Iron  and  Steel  Institute  by  Professor 
J.  H.  Smith  andG.  A.  Wedgwood.  These  experimenters'  results,  though 
obtained  at  the  atmospheric  temperature  only,  appeared  to  corroborate 
those  obtained  by  the  author  which  showed  that  the  final  cracking  curve 
was  sensibly  parallel  to  the  first  cracking  curve  (see  Figs.  3  to  10),  i.e.  that 
the  metal  remained  in  the  same  condition  from  the  commencement  of 
cracking  to  the  time  when  the  crack  had  jjassed  completely  through  the 
bar  of  metal,  and  consequently  the  metal  had  not  been  taking  up  an 
increasing  amount  of  work  during  the  period  of  the  test  as  assumed  by 
Dr.  Rosenhain  in  the  discussion  (p.  56).  In  point  of  fact,  a  com- 
parison between  Figs.  11  and  12  appeared  to  show  that  work  put  on 
when  the  metal  was  rolled  had  actually  been  removed  during  the  alter- 
nating test  even  at  the  atmospheric  temperature,  whilst  at  not  much 
higher  than  150°  C.  the  three  curves  came  together,  the  difi'erences  due 
to  the  amount  of  cold  work  put  on  during  rolling  having  disappeared. 

The  same  amount  of  work  seemed  to  be  expended  in  propagating  the 
crack,  as  the  radius  of  the  uncracked  portion  decreased  from  the  circum- 
ference to  the  neutral  axis.  The  only  difference  was  that  as  the  radius 
decreased  the  cracking  progressed  more  slowly,  i.e.  a  greater  number 
of  revolutions  were  required. 

Dr.  Burgess  said,  "  It  would  have  been  of  considerable  interest  if  data 
had  been  presented  showing  with  what  certainty  the  alternating  stress 
results  may  be  repeated  at  any  given  temperature  with  pieces  cut  from 
the  same  bar."  At  the  risk  of  appearing  to  reiterate  too  much — the  fact 
being  so  important — the  author  would  point  out  that  concordant  results 
were  obtained  under  even  much  more  drastic  conditions,  viz.  with  three 
entirely  different  samples  of  the  same  alloy  (see  Figs.  11  and  12). 

Professor  Huntington  greatly  appreciated  Professor  Henry  Le  Chate- 
lier  putting  himself  to  the  trouble  in  the  existing  circumstances  to  take 
part  in  this  discussion.  His  suggested  method  of  testing  appeared  to  be 
a  "counsel  of  perfection"  best  suited  to  a  physical  laboratory.  Whilst 
the  greatest  consideration  was  due  to  Professor  Le  Chatelier's  opinions, 
the  author  ventured  to  think  that  the  very  close  agreements  between  the 
tests  on  the  alternating  machine  shown  in  Figs.  11  and  12  (added  since 
the  paper  was  read)  summarizing  the  previous  curves,  showed  that  the 
apparatus  was  in  fact  capable  of  giving  more  reliable  results  than  it  had 
been  credited  with  in  their  discussion. 

The  three  samples  of  the  alloy  had  different  amounts  of  work  on  them  : 
26.6.03  had  a  considerable  amount  of  cold  work  left  on  it ;  the  others  had 
some,  but  much  less.  Judging  from  the  effect  of  subsequent  annealing 
in  the  laboratory,  16.6.05  had  evidently  been  much  more  completely  an- 
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nealed  at  the  works  than  17.12.04.  It  was  very  instructive  to  see  what 
happened.  Reference  to  the  cracking  curve  (Fig.  11)  showed  that 
26.6.03  alloy  at  atmospheric  temperature  stood  less  than  one-third  the  re- 
volutions attained  to  by  16.6.05,  and  presumably  still  less  than  17.12.04. 
Turning  to  the  breaking  curves  (Fig.  12),  i.e.  the  final  cracking  curves, 
it  would  be  seen  that,  at  atmospheric  temperature,  26.6.03  was  even 
higher  than  16.6.05.  That  appears  to  mean  that  during  the  test  a 
great  deal  of  the  work  originally  present  in  26.6.03  had  been  removed 
at  atmospheric  temperature.  At  about  100°  C,  17.12.04  and  16.6.05  in 
the  first  cracking  curves  (Fig.  11)  are  some  distance  apart;  in  the  final 
cracking  or  breaking  curves  (Fig.  12),  the  points  were  coincident.  At 
about  150°,  180°  and  200°,  the  points  for  all  three  samples  come  together 
both  in  the  cracking  and  breaking  curves — particularly  in  the  latter. 
At  higher  temperatures  the  coincidence  of  the  points  was  good,  though 
not  quite  so  remarkable ;  the  increasing  temperature  was  beginning  to 
tell.  At  the  highest  temperatures  the  cracking  curve  was  less  satisfac- 
tory than  the  breaking  curve,  as  might  be  expected. 

Figs.  11  and  12  clearly  showed  that  metals  undergoing  alternations 
of  stress  behaved  differently  from  what  might  have  been  expected,  having 
regard  to  work  previously  put  upon  them.  The  great  advantage  that 
certain  alloys  possessed  over  copper  was  that  they  did  not  anneal  in 
the  way  copper  did  at  quite  low  temperatures.  The  alloys  in  question 
gave  up  a  certain  amount  of  work,  but  a  temperature  at  least  as  high 
as  800°  C.  was  required  to  make  them  recrystallize,  in  which  condition 
alone  they  were  comparable  with  annealed  copper. 

Professor  H.  Le  Chatelier  was  happy  in  his  remarks  on  the  effects  of 
annealing  on  the  alloy.  That  was  particularly  illustrated  in  Figs.  9  and 
10.  Hitherto  physicists  had  examined  metals  indiscriminately  without 
considering  what  mechanical  and  heat  treatment  they  had  previously 
received.  Even  Professor  Ernst  Cohen,  whilst  strongly  protesting  against 
previous  heat  treatment  being  ignored,  himself  completely  left  out  of 
account  the  previous  mechanical  treatment.  He  did  not  appear  to  have 
obtained  pronounced  maxima  and  minima  when  work  had  not  been  put 
on  the  sample  in  some  form  or  other. 

Professor  Le  Chatelier  did  not  see  his  way  to  admit  the  existence  of 
maxima  and  minima  corresponding  to  changes  in  temperature.  The 
author,  however,  had  hopes  that  if  Professor  Le  Chatelier  would  be  good 
enough  to  consider  Figs.  11,  12,  and  13,  and  the  author's  further  expla- 
nations and  diagrams,  he  would  then  be  able  to  modify  his  views.  Some 
of  the  strongest  support  of  the  existence  of  maxima  and  minima  of  this 
kind  has  been  furnished  by  M.  H.  Le  Chatelier's  brother  (M.  Andre  Le 
Chatelier),  *  and  was  illustrated  in  Fig.  27.  Those  curves  for  iron  and 
steel  showed  an  indisputable  minimum  in  the  neighbourhood  of  100° 
and  a  strong  maximum  at  about  250°  to  260°,  and  were  generally 
accepted  as  conclusive.  Moreover,  they  were  in  agreement  with  Pisati's, 
and  the  author's  curves  referred  to  in  his  papers.     It  would  be  observed 

*  L'Influence  du  Temps  et  de  la  Temperature  sur  les  Propri^t^s  M^chaniques  et  les 
Essaies  des  Metaux.  Andre  Le  Chatelier,  Ingenieur  en  Chef  de  la  Marine,  Congrts 
International  des  Mithodes  d^Essai,  tome  2,  1901. 
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that  the  maxima  and  minima  estabUshed  by  all  those  curves  also  showed 
on  the  author's  alternating  stress  curves  for  copper  and  a  copper  alloy. 
That,  in  itself,  strongly  suggested  that  those  maxima  and  minima  were 
common  to  several  metals,  and  probably  to  a  class. 

M.  Le  Slant's  Avork,*  in  which  alternating  bending  stress  tests  were 
given,  had  been  looked  up,  and  a  curve  for  copper,  typical  of  a  number 
given,  was  shown  in  Figs.  28  and  29.  M.  Le  Blant  unfortunately  made 
no  tests  at  150°  C. ;  in  other  respects  his  curves  were  in  substantial 
agreement  with  the  author's  tensile  and  alternating  stress  tests,  and  it 
was  reasonable  to  assume  that  if  tests  had  been  made  at  150°  they  would 
have  fallen  also  into  line  with  the  author's  curves  and  shown  a  maximum 
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Fig.  27.— Breaking  Stress  Curves  of  Iron  and  Steel  at  different  temperatures. 


at  that  temperature.  As  it  was,  M.  Le  Blant's  curves  showed  the  same 
minimum  as  the  author's  at  200°  and  his  maximum  at  250°,  which  was 
very  strong  corroborative  evidence.  Fig.  28  was  a  good  illustration  of 
how  "  smooth  curves  "  might  be  drawn  in  the  absence  of  sufficient  obser- 
vation points.  If  the  au.thor  had  not  made  observations  at  about  150° 
and  180°,  he,  too,  would  have  drawn  a  curve  closely  resembling  that  of 
M.  Le  Blant.     The  sharp  points  had  no  special  significance ;  they  would 

*  Les  Entretoises  de  Foyers  de  Locomotives.  Le  Blant,  Chef  du  Service  des  Recep- 
tions du  Materiel  et  de  la  Traction  des  Cheniins  de  Fer  de  I' Est.  Congres  International 
des  Mithodes  d'Essai,  tome  2,  1901. 
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be  elimiQated  if  a  larger  horizontal  scale  were  adopted.     In  Fig.  29  the 
Le  Blaut  curve  (thick  line)  was  plotted  against  the  tensile  cvirves  for 
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coppers  published  in  the  author's  1914  Note.  It  would  be  seen  that  the 
rapid  fall  at  about  250°  coincided  with  those  curves,  but  that  the 
position  at  lower  temperatures   than    250°  took   a  somewhat  ditferent 
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path.  It  was  instructive  to  compare  this  curve  of  Le  Blant  with  the 
author's  elongation  and  reduction  of  area  curves  for  an  alloy  of  60 
copper  with  40  zinc  (16.1.00),  shown  on  p.  250  of  the  author's  1914 
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Note,  and  also  with  Fisati's  elongation  curve  for  a  brass  with  about 
66"5  copper  and  32-5  zinc  in  Appendix  B,  p.  48  of  the  present  paper. 
Pisati's  curve  was  identical  with  that  of  Le  Blant,  only  slightly  shifted 
to  the  left.  But  if  Le  Blant's  curve  should  show  an  additional  maximum 
and  minimum  as  indicated  by  Fig.  28,  then  so  should  both  the  author's 
and  Pisati's  tensile  curves. 

In  the  author's  191 4  Note,*  Appendix  A,  "crystal-size"  is  plotted 
against  "  bar-diameter  "  in  the  case  of  a  series  of  tensile  tests,  and  it  was 
shown  that  the  crystal-size  curve  was  parallel  to  that  for  bar-diameter, 
which  represented  the  reduction  of  area  of  the  bar  at  different  tempera- 
tures. A  crystal-size  curve  had  been  made  for  the  alternating  stress  tests 
for  alloy  16.6.05.  The  data  for  this  curve  would  be  found  in  Appendix  D, 
In  Fig.  13,  p.  37,  it  was  seen  plotted  against  the  mean  curve  of  the 
alternating  tests  of  the  three  samples  of  the  alloy,  i.e.  26.6.03,  17.12.04, 
and  16.0.05.  The  agreement  was  very  remarkable;  when  it  was  realized 
that  the  final  cracking  or  breaking  curve  was  practically  parallel  to  the 
commencement  of  cracking  curve,  it  did  not  appear  possible  that  the 
maxima  and  minima  were  due  to  "small  irregularities  in  the  metal  near 
the  surface,"  as  suggested  by  Professor  H.  Le  Chatelier. 

Taking  the  mechanical  tests  as  a  whole,  there  appeared  to  be  consider- 
able evidence  that  maxima  and  minima  did  occur  in  the  curves.  The 
nature  of  the  causes  producing  those  results  were  at  present  entirely 
unknown.  That,  however,  was  no  argument  for  their  non-existence.  As 
far  back  as  1886  and  1892  Pionchon  and  Le  Verrier  f  demonstrated  that 
maxima  and  minima  occurred  in  the  specific  heats  of  metals  and  their 
oxides.  The  "quantum"  \  theory  originated  from  an  attempt  to  explain, 
amongst  other  things,  these  irregularities.  The  quantum  theory  assumed 
that  stored  energy  was  released  spasmodically  in  multiples  of  a  certain 
unit  or  quantum.  To  the  author's  mind,  it  was  easier  to  visualize  such 
"spasms''  as  occurring  periodically  than  as  isolated  occurrences.  Dr. 
Desch,  however,  appeared  to  think  differently. 

Professor  Bragg  and  his  son,  Mr.  W.  L.  Bragg,  had  demonstrated  in 
their  papers  before  the  Royal  Society,  summarized  in  their  recently 
published  and  most  interesting  work  on  "  X-Rays  and  Crystal  Structure," 
that  the  crystals  of  metals  and  their  compounds  were  built  up  of  atoms 
arranged   in   "  space  lattices."  §     In   the   case   of   a  compound  such  as 

*  Journal  of  the  Institute  of  Metals,  No.  2,  1914,  vol.  xii.  p.  234. 

t  Appendix  C. 

:|;  A  good  account  of  the  "  quantum  "  theory  is  to  be  found  in  a  Report  on  Radiation 
and  the  Quantum  Theory,  by  J.  H.  Jeans,  M.A.,  F. R.S.,  issued  by  The  Physical  Society 
of  London.  See  also  "An  Elementary  Account  of  the  Quantum  Theory,"  by  J.  Rice, 
Transactions  of  the  Faraday  Society,  vol.  x.,  part  2,  1915. 

§  "  Let  us  suppose  we  take  a  crystalline  structure,  and  group  its  atoms  into  the  little 
units  of  pattern  mentioned  above.  The  groups  are  to  contain  as  few  atoms  as  possible, 
consistent  with  the  requirement  that  the  whole  crystal  can  be  built  by  packing  these 
groups  together,  all  the  groups  being  similar  and  similarly  oriented.  If  a  point  is  now 
chosen  in  each  of  the  groups  in  the  same  way — for  example,  the  centre  of  a  particular 
atom — these  points  serve  to  indicate  the  positions  of  the  groups  to  which  they  belong. 
Thus,  by  neglecting  the  complicated  structure  of  atoms  surrounding  each  point,  and 
considering  the  points  alone,  we  arrive  at  a  series  of  points  in  space  which  form  the 
foundation  on  which  the  crystal  is  built.  Such  a  series  of  points  is  of  the  greatest 
importance  in  the  theory  of  crystal  structure:  it  is  known  as  a  Space  Lattice." — Bragg, 
loc.  cit. 
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copper  oxide,  for  instance,  there  would  be  two  distinct  space  lattices 
mutually  interconnected.  In  the  case  of  metallic  copper  the  crystals 
would  still  be  built  of  atoms  arranged  as  space  lattices.  Preliminary 
work  had  been  done  to  elucidate  the  effects  of  heat  on  these  space 
lattices,  from  which  it  appeared  that  the  application  of  heat  expanded 
the  crystals  by  causing  an  increase  in  the  spacing  of  the  planes.  So  far 
as  the  author  was  aware,  nothing  definite  had  been  done  on  the  effects  of 
straining  on  the  space  lattices.  An  investigation  of  this  kind,  followed 
by  a  study  of  the  effects  of  heat  on  such  strained  or  distorted  space  lattices, 
might  throw  light  on  matters  of  the  greatest  interest  and  importance  to 
metallurgists.  There  was  no  one  so  well  equipped  in  every  respect  for 
such  an  undertaking  as  Professor  Bragg  and  his  son,  and  it  was  much  to 
be  hoped  that  they  would  in  the  near  future  turn  their  attention  in  this 
direction  and  communicate  the  results  to  the  Institute  of  Metals.  It 
was  conceivable  that  such  work  might  help  to  clear  up  the  maxima  and 
minima  mystery. 
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THE   MICRO-CHEMISTRY   OF  CORROSION. 

Part  III.— THE  a/3  ALLOYS  OF  COPPER  AND  ZINC* 

By  SAMUEL  WHYTE,  B.Sc. 

In  Part  I.f  of  the  above  investigation,  Dr.  Desch  and  the  pre- 
sent author  described  the  behaviour  of  the  /3  solid  solutions 
of  the  copper-zinc  series  under  an  external  electromotive  force. 
In  Part  II.|  they  described  the  a  alloys,  and  in  the  present 
paper  it  is  proposed  to  deal  with  the  alloys  of  the  Muntz  metal 
class,  containing  both  the  a  and  /3  constituents. 

As  before,  an  applied  electromotive  force  was  employed  to 
hasten  corrosion,  and  the  results  obtained  when  compared  with 
actual  cases  found  in  service  still  further  convince  the  author 
that  the  nature  of  corrosion  in  all  cases  is  primarily  dezincifi- 
cation.  The  subsequent  chemical  and  mechanical  processes  at 
work  have  not  been  a  matter  of  investigation  in  this  paper, 
although,  as  will  be  pointed  out  later,  their  influences  on  the 
final  results  are  none  the  less  important. 

The  method  of  experiment  was  essentially  the  same  as  that 
described  on  p.  307  of  the  first  paper,  and  p.  236  of  the  second 
paper,  only  the  Classen  stand  was  replaced  by  one  as  shown 
in  Fig.  1.  The  base  of  the  specimen,  which  was  ground 
approximately  parallel  with  the  surface,  rested  on  the  platform 
A,  which  had  a  universal  movement  and  could  be  clamped  in 
any  position.  The  distance  between  the  surface  of  the  speci- 
men and  the  platinum  cathode  was  obtained  accurately  to 
within  a  hundredth  part  of  a  millimetre  by  means  of  a  screw 
with  a  graduated  head,  into  which  the  platinum  wire  of  the 
cathode  was  fastened.  The  electromotive  force  was  obtained 
from  an  accumulator,  and  was  kept  constant  by  means  of  a 
sliding  resistance  and  voltmeter.  Two  cubic  centimetres  of 
sodium   chloride   solution  were  used  for   each  of  the  short- 

*  Read  at  Annual  General  Meeting,  London,  March  19,  1015. 
t  Journal  of  the  Institute  of  Metals,  No.  2,  1913,  vol.  x.  p.  303. 
X  Ibid. ,  No.  2,  1914,  vol.  xi.  p.  235. 
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period  tests,  and  100  cubic  centimetres  for  each  of  the  long- 
period  tests. 


Fig.  1. — Classen  Stand. 

The   analytical   tests   were    the    same   as   those  previously 
described. 

Record  of  Experiments. 

Seven  alloys  were  used  in  these  experiments,  five  of  which 
were  of  the  a/3  type,  and  the  remaining  two  of  the  a  and  ^  re- 
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spectively.  The  latter  were  repeated  as  a  means  of  comparison 
under  the  slightly  altered  conditions  of  experiment.  One  of 
the  a^  alloys  was  examined  in  the  unannealed  and  annealed 
condition,  Alloy  III.  being  unannealed  and  IV.  annealed  at 
575°  C.  Alloy  V.  contains  iron,  VI.  contains  lead,  and  VII. 
contains  tin.  The  analyses,  along  with  the  composition  of  the 
equivalent  copper-zinc  alloys,  determined  by  Guillet's  method, 
are  given  in  Table  XVI. 

There  were  two  series  of  experiments.  In  the  first  the 
current  was  continued  for  five  minutes,  and  the  products 
separated,  as  before,  into  "  precipitate  "  and  "  adherent  layer." 
The  "  precipitate  "  appears  in  the  electrolyte,  and  is  of  a  floc- 


Table  XVI. 


Alloys. 

Copper 
per 
Cent. 

Zinc 

per 

Cent. 

Iron 

per 

Cent. 

Lead 

per 

Cent. 

Tin 
per 
Cent. 

'  Fictitious  Values  by 
Guillet's  Formula. 

Copper 
per  Cent. 

Zinc 
per  Cent. 

I. 
II. 

III.  1 

IV.  / 

V. 

VI. 

VII. 

52-95 
69-88 

60-77 

00-83 
(31 -21 
60-!)6 

47-05 
.30  12 

39-23 

38-22 
37-70 
38-0'J 

0-95 

1-09 

0-95 

52-95 
69-88 

60-77 

60-89 
61-21 
60-39 

47-05 
30  12 

39-23 

39-11 
38-79 
39-61 

culent  nature,  so  that  it  is  readily  detached  from  the  surface 
of  the  specimen.  In  the  case  of  the  ^  alloy  the  "  precipi- 
tate "  was  white  in  the  short-period  tests.  With  the  a  alloy 
the  "  precipitate  "  was  distinctly  green  even  in  the  short-period 
tests,  and  the  a^  alloys  were  more  or  less  similar  to  the  a  alloy 
in  this  respect.  By  "  adherent  layer  "  is  meant  the  metallic 
deposit,  which  in  the  case  of  the  ^  alloy  was  practically  pure 
copper.  With  the  a  alloy,  the  coppery  layer  was  mixed  with 
zinc  oxychloride ;  and  with  the  a/S  Alloys  III.,  IV.,  V.,  and 
VI.  this  was  also  the  case.  With  Alloy  VII.,  the  adherent 
layer  of  copper  was  mixed  with  a  whiter  and  more  com- 
pact deposit  of  basic  salts,  principally  of  tin.  Unlike  the 
easily  detached  coppery  layer  of  the  ^  alloy,  that  of  the  a 
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Table  XVIT. — ComposiHon  of  Precijntaie. 

Time — 5  minutes. 


Alloy 

■{ 

Milligrammes. 

Per  Cent. 

c 

1) 
a. 

a. 
o 

U 

6 

c 

is 

£ 

xi 
u 

o 

u 

a. 
o. 
o 
U 

d 
o 

J 

I. 

017 
017 

3-71 
3CA 

3-88 
3-81 

4-37 
4-46 

95-63 
95-54 

II. 

•{ 

0-92 
0-95 

0-91 
1-02 

1-83 
1-97 

50-27 
49-21 

49-73 
51-78 

.. 

III. 

{ 

0-55 

0-57 

1-68 
1-82 

... 

2-23 
2-39 

26-66 
23-85 

75-34 
7615 

IV. 

■{ 

0-79 
0-79 

1-31 
1-31 

... 

210 
2  10 

37-62 
37-62 

62-38 
(i2-38 

V. 

■{ 

0-77 
0-70 

1-30 
1'29 

0  03 
0  03 

210 
2-02 

36-67 
34-66 

61-90 
63-86 

1 
1 

43 

48 

VI. 

•{ 

0-80 
0-85 

1-37 
1-36 

none 
none 

217 
2-21 

36-87 
38-46 

63-13 
61-54 

n 
n< 

Dne  1 
3ne 

VII. 

^ 

0-27 
0-27 

219 
2  19 

... 

trace 
trace 

2-46 
2- 4(5 

10-97 
10-97 

89-03 
89-03 

Table  XVIII. — Composition  of  Adhered  Layer. 

Time — 5  minutes. 


Alloy. 

Milligrammes. 

Per  Cent 

o 

u 

c 
o 

■a 
a 

c 

^o 

u 

D 

o 

c 

I. 

4-00 
3-90 

0-28 
0-35 

4-28 
4-25 

93-45 
91-77 

6-55 
8-23 

II. 

0-70 
0-72 

0-53 
0-50 

1-23 
1-22 

56-91 
59-01 

43-09 
40-99 

III. 

0-40 
0-30 

0-20 
0-12 

0-60 
0-42 

66-66 
71-43 

33-34 

28-57 

:: 

IV. 

0-62 
0-55 

0-52 
0-45 

1-14 
1-00 

54-39 
55-00 

45-61 
45-00 

V. 

0-90 
0-75 

0-90 

0-70 

trace 
trace 

1-80 
1-45 

50-00 
51-73 

50-00 

48-27 

trace 
trace 

VI. 

0-82 
0-82 

0-48 
0-66 

trace 
trace 

1-30 
1-50 

63-07 
56-29 

36-93 
43-71 

trace 
trace 

VII. 

3-00 
3  00 

0-75 
0-68 

0- 
0- 

55 
OG 

3-80 
3-74 

78-95 
80-21 

19-74 
18-19 

...       1 
...       1 

31 
60 
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Table  XIX. — Total  Weight  of  Corrosion  Product. 

Time — 5  minutes. 


Alloy      I.      . 

8-16  and  8-06 

,,       11.      . 

3  Of)    ,,    3  19 

,,     III.      . 

2-83    „    2-81 

,,      IV.       . 

3-24    ,,    3-10 

,,        V.      . 

3-90    „    3-47 

,,      VI.      . 

3-47    .,    3-71 

,,    VII.      . 

6-26    ,,    0-20 

Table  XX. —  Composition  of  Precipitate. 

Time — 60  minutes. 


Alloy. 

Milligrammes. 

Per  Cent. 

a.  ■ 

o 

U 

d 

a 
o 

d 

o 

h 

^     i 

Q-            .5 
O              N 

u 

e" 
o 

•a 
u 

I. 

0-62 
0-56 

28-78 
29-04 

29-40 
29-60 

2-10    97-90 
1-89    98-11 

II. 

6-90 
6-95 

7-57 
7-57 

14-47 
14-52 

47-68  \  52-32 

47-86    52-14 

1 

III. 

5-75 
6-25 

13-94 
14-39 

19-69    29-21    70-79 
20-64  \  30-28    69-72 

IV. 

4-50 
4-20 

7-50 
8-10 

12  00  1  37-50    62-50 
12-30    34-14  i  65-86 

V. 

6-00 
5-90 

9-95 
9-33 

0-23 
0-24 

16-18 
15-47 

37-10 
38-14 

61-49 
60-31 

1-41 
1-65 

VI. 

7-30 

7-50 

9-42 

9-85 

none 
none 

16-72 
17-35 

43-65 
43-24 

56-35 
56-76 

VII. 

4-25 
4-00 

6-82 
7-00 

0-0 

o-o 

2     11-09    38-32 
2     11-02    36-29 

61-50 
63-53 

0-18 
0-18 

alloy  and  the  a/3  Alloys  III.,  IV.,  V.,  and  VI.  could  not  be 
flaked  otf.  Alloy  VII.  was  rather  similar  to  the  /3  alloy  in 
that  the  coppery  layer  was  easily  detached.  The  results  of 
these  tests  are  shown  in  Tables  XVII.  and  XVIII.  In 
the  second  series  of"  experiments  100  cubic  centimetres  of  the 
electrolyte  were  made  to  flow  over  the  surface  of  the  specimen, 
the  flow  being  regulated  as  constant  as  possible  over  a  period 
of  sixty  minutes.  Results  are  shown  in  Tables  XX.  and  XXI. 
In  Tables  XIX.  and  XXII.  are  given  the  total  weights  of 
the  corrosion  product. 
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Table  XXI. — Coynposition  of  Adherent  Layer. 

Time — 60  minutes. 


Alloy. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 


Milligrammes. 


70 


2-27 
2-73 


1-12 
0-97 


0-72 
0-80 


0-75 
0-70 


1-06 
0-95 


1-29 
1-06 


0-91 
1-05 


0-01 
0-01 


trace 
trace 


0-025 
0-028 


2-935 
3-638 


Per  Cent. 


92-53 
91-09 

76-27 
76-45 

73-03 
72-41 

61-55 
62-16 


7-47 
8-91 

23-73 
23-55 

26-97 
27-59 

38-45 

37-84 


63-97  i  35-70 
68-00  131-67 


68-47 
71-81 


68-14 
70-37 


31-53 

28-19 


31-01 

28-87 


0-33 
0-33 


trace 
trace 


Table  XXII. — Total  Weight  of  Corrosion  Product. 

1  ime — 60  minutes. 

Al 


loy      I. 

.     59-67  and  60-43 

nill 

grammes 

II. 

.     19-19    ,,    18-64 

,,      III. 

.     22-36    ,.    23-54 

,,      IV. 

.     13-95    ,,    14-15 

V. 

.     19-15    ,,    18-47 

,,      VI. 

.     20-81    ,,    21-11 

,.    VII. 

.    14-02    ,,    14-66 

Microscopical  Observations. 

Alloys  I.  and  II.*  have  already  been  described,  and  no 
further  observations  were  made.  The  microstructure  of  Alloy 
III.  was  of  the  banded  type,  consisting  of  strips  of  a  and  /3. 
Alloys  IV.,  v.,  VI.,  and  VII.  were  all  annealed  at  575°  C.  for 
1\  hours.      They  were  perfectly  homogeneous,  and  the  struc- 

*  Journal  of  the  Institute  of  Metals,  No.  2,  1913,  vol.  x.  p.  319,  and  Ibid. ,  No.  1, 
1914.  vol.  xi.  p.  239. 
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ture  was  that  of  ^  particles  embedded  in  the  a  constituent, 
and  in  general  separated  from  each  other. 

As  one  would  expect,  on  account  of  the  electro-chemical 
difference  between  the  a  and  ^  constituents,  the  /3  was  attacked 
first.  By  applying  a  ^qy^  low  electromotive  force,  so  that  only 
the  merest  trace  of  copper  Avas  found  in  the  corrosion  pro- 
duct, this  differentiation  was  peculiarly  marked.  The  first 
change  in  the  ^  areas  is  that  they  seem  to  be  full  of  very 
minute  pits,  which  gradually  give  way  to  a  smooth,  bright 
copper  layer,  covering  the  surface  of  the  original  /3,  and  not 
till  then  does  the  corrosion  extend  to  the  a  constituent. 
Fig.  2  (Plate  II.),  taken  from  Alloy  III.,  shows  the  unattacked 
a  and  a  /8  area  partly  pitted  and  partly  replaced  by  smooth 
copper.  The  surface  potentials  now  being  altered,  the  a  areas 
are  attacked.  This  proceeds  inwards  from  the  junctions  of 
the  original  /3  areas,  and  extends  preferably  along  crystal 
boundaries  of  the  a  areas,  or  directly  between  two  of  the 
adjacent  pseudomorphs  in  copper  after  /3.  Fig.  3  (Plate  II.), 
taken  from  Alloy  III.,  shows  the  latter  process.  The  dark 
areas  are  copper  after  the  original  ,8,  the  light  areas  are 
unattacked  a,  and  the  half-tones  arfe  portions  of  a  covered 
with  a  thin  film  of  copper.  On  further  corrosion,  the 
surface  of  the  alloy  does  not  become  a  layer  of  copper  of 
uniform  thickness,  as  the  action  still  penetrates  the  /3 
crystals  more  quickly  than  the  a  crystals.  As  will  be 
shown  later,  the  initial  electro-chemical  action  between  the 
two  phases  is  not  stopped  by  subsequent  chemical  actions  such 
as  the  formation  of  oxide,  but  continues  to  act  as  long  as 
corrosion  proceeds.  By  grinding  off  the  coppery  surface  after 
one  of  the  long-period  tests,  then  polishing,  the  /3  constituent 
was  found  to  be  replaced  by  copper  to  some  considerable 
depth. 

Fig.  4  (Plate  II.),  taken  from  Alloy  III.,  shows  this  effect. 
The  specimen  was  heat-tinted  to  give  better  contrast.  Fig.  5 
(Plate  II.),  taken  from  Alloy  V.,  after  a  five-minute  corrosion 
test,  shows  the  general  appearance  before  removing  the  coppery 
layer.  The  small  /3  areas  of  the  annealed  alloy  being  attacked 
to  a  greater  extent  than  those  of  the  a  constituent,  show  up 
through  the  outer  surface  of  copper. 
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The  effect  of  the  long-period  test  on  Alloy  III.  was  remark- 
able. The  surface  was  extensively  pitted,  and  by  grinding 
and  polishing,  the  base  of  each  pit  was  found  to  centre  in 
a  |8  area.  The  porosity  and  looseness  were  probably  a  result 
of  the  rapid  dezincification  from  the  highly  localized  electro- 
chemical differences  of  potential  existing  in  the  cast  alloy. 
As  will  be  pointed  out  later,  the  porosity  and  looseness  of 
the  copper  deposit  accompanying  this  pitting  are  typical  of 
the  actual  cases  of  pitting  in  condenser  tubes  examined  by 
the  author.  The  annealed  alloys  did  not  show  the  same 
tendency  to  pitting,  although  dezincification  always  penetrated 
the  /3  areas  faster  than  the  a  ones. 

The  Relation  between  Natural  and  Electrically 
Stimulated  Corrosion. 

Through  the  kindness  of  Mr.  Arnold  Philip  (Admiralty 
Chemist)  and  Messrs.  The  Muntz's  Metal  Co.  Ltd.,  the  author 
has  had  an  opportunity  of  comparing  the  results  obtained  by 
electrically-stimulated  corrosion  and  those  obtained  under 
service  conditions  in  some  a/3  alloys  and  pitted  condenser 
tubes  of  the  70:30  type.  One  specimen  was  a  large  bolt 
which  had  been  immersed  in  sea-water  for  a  considerable 
period  (time  unknown).  The  analysis  supplied  with  it  was 
as  follows : 

Per  Cent. 

Copper 66"90 

Tin nil 

Lead,  under 0*47 

Zinc,  &c.  (by  difference) 32-63 

The  bolt  was  threaded,  and  Fig.  6  (Plate  II.)  shows  a  cross- 
section  through  one  of  the  threads.  Corrosion  is  seen  to 
have  penetrated  the  alloy — to  a  depth  of  from  0-4  millimetre 
in  some  places  to  1  millimetre  in  others.  The  a  and  ^ 
constituents  are  both  replaced  by  copper,  that  of  the  ^  areas 
being  porous  and  of  a  dark  red  colour,  while  that  of  the 
a  areas  is  compact  and  of  a  bright,  light  colour.  In  polishing, 
some  of  the  loose  copper  of  the  /3  pseudomorphs  has  been 
removed  from  the  surface,  while  the  a  constituent,  not  being 
attacked  to  the  same  extent,  retains  its  original  form,  but  has 
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become  rather  spongy  on  the  outside  of  the  screw.  Fig.  7 
(Plate  II.)  shows  the  same  field  after  the  specimen  has  been 
etched  with  dilute  hj'drochloric  and  ferric  chloride  to  show 
the  original  structure  of  the  alloy  and  its  relation  to  the 
process  of  corrosion.  Fig.  8  (Plate  III.)  shows  a  part  of  the 
corroded  area  under  a  higher  magnification.  In  places,  the 
copper  of  the  ^  areas  has  been  torn  out  in  polishing.  Fig.  9 
(Plate  III.)  is  a  cross  section  of  a  thin  sheet  of  corroded 
Muntz  metal.  It  shows,  as  in  all  other  cases  examined  by 
the  author,  a  sharp  junction  between  the  copper  and  the  un- 
altered brass.  Beneath,  where  corrosion  has  penetrated  farthest, 
are  seen  some  small  isolated  j8  crystals  replaced  by  copper. 

Fig.  10  (Plate  III.)  shows  a  portion  of  the  surface  of  the 
same  sheet  of  metal  after  grinding  off  the  outer  roughness. 
Here  again,  apart  from  the  separate  patches  of  copper  which 
extend  some  way  farther  down,  are  seen  the  limits  of  penetra- 
tion of  other  patches,  represented  by  isolated  fi  pseudomorphs. 

Fig.  11  (Plate  III.)  is  a  portion  of  a  copper  patch  in  the 
Muntz  metal,  under  a  higher  magnification.  The  copper  re- 
placing the  /3  constituent  has  become  at  this  stage  of  corrosion 
loose  and  porous,  and  shows  up  dark  against  the  firm  coppery 
layer  replacing  the  a  constituent. 

Pitting. 

The  author  was  unable  to  obtain  any  Muntz  metal  showing 
pitting,  but  examined  a  number  of  pits  in  a  70:30  condenser 
tube.  As  noted  in  the  foregoing  experiments  on  Alloy  III., 
and  on  the  /3  alloy,  the  effect  of  rapid  dezincification  was 
spongy  copper,  which  became  easily  loosened,  and  left  small 
pits.  In  this  case,  as  in  all  other  cases  of  dezincification, 
in  these  experiments,  the  characteristic  feature  is  a  sharp 
junction  between  the  copper  and  the  unaltered  brass.  It  was 
therefore  to  be  expected  that  most  of  this  copper  would  be 
washed  away,  leaving  clean,  unaltered  brass.  In  those  cases 
examined,  this  was  found  to  be  the  case,  and  only  here  and 
there  was  found  a  little  copper  which  had  been  protected  in 
small  crevices  of  unattacked  brass,  and  which  was  removed 
immediately  polishing  was  attempted.     Nevertheless  it  proved 
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Plate  I 


Fig.    2.— Allov   III.      Vertical   illumination.    FiG.   3.— Alloy   III.      \  ertical   illumination 
Magnified  16.-)0  diameters,  and  reduced  Magnified   503   diameters,  and  reduced 

33  per  cent,  in  renroduction.     Unetched.  45    per    cent,    in    reproduction.       Heat 

tinted. 
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^.>:^ 


-^.■. 


■V'f, 


Fig.    4.— Alloy   III.       Vertical   illumination.  Fig.    5. — Alloy    V.       Vertical    illumination. 

Magnified   100   diameters,   and    reduced  Magnified    300    diameters,    and   reduced 

38    per    cent,     in    reproduction.        Heat  38  per  cent,  in  reproduction, 
tinted. 


Fig.  6. — Ship's  Bolt.  Vertical  illumination. 
Magnified  50  diameters,  and  reduced  70 
per  cent,  in  reproduction.     Heat  tinted. 


Y\o,  7. — Ship's  Bolt.  \'ertical  illumination. 
Magnified  50  diameters,  and  reduced  70 
per  cent,  in  reproduction.  Etched  with 
dilute  hydrochloric  acid  and  ferric  chloride. 
(Area  within  added  white  line  corresponds 
-  with  projecting  area  seen  in  Fig.  6. ) 


Plate  III 


Muntz 
Metal 
(light). 


Fusible 
Uloy. 


Fig.  8.-Ship's  Bolt.     Verticalillumination.     Fig.    9.-Muntz    Metal.      Vertical   illumina- 
Maenified   150   diameters,  and  reduced  tion.     Magnified   7a  diameters,    and    re- 

45  per  cent,  in  reproduction.     Unetched.  duced    45    per     cent,     iii     reproduction. 

Heat  tinted. 


Fig.  10.— Muntz  Metal.    Vertical  illumination-  Fig.  11.— Muntz  Metal.     Verticalillumination. 
Magnified    200    diameters,    and    reduced  Magnified    500    diameters,    and    reduced 

6<)     per    cent,    in     reprcducticn.        Heat  38  per  cent,  in  reproduction.     Unetched. 

tinted. 
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the  cause  of  pitting  in  these  cases  was  dezincification.  While 
the  cases  which  Dr.  Rosenhain  mentions  in  the  Discussion  of 
Paper  II.  (p.  248)  might  represent  a  form  of  corrosion  of  an 
altogether  different  nature,  it  is  not  a  necessary  corollary  of 
dezincification  that  one  should  find  copper  still  clinging  to  the 
unaltered  brass. 

Discussion  of  Results. 

The  total  corrosion  of  the  a^  alloys  is  much  less  than  that 
of  the  (8  alloys,  but  more  than  that  of  the  a  alloys. 

Table  XXI.  does  not  show  this  as  well  as  might  be  expected, 
as  it  was  impossible  to  remove  cleanly  the  adherent  layer  of 
the  a/3  alloys  because  of  the  penetration  through  the  /3  areas 
under  the  firm  unattacked  a. 

There  is  a  decided  difference  between  the  cast  and  the 
annealed  alloy  under  this  test.  The  unannealed  alloy  is 
dezincified  more  than  the  annealed  one,  and  the  total  corrosion 
is  also  decidedly  more.  Taking  the  annealed  a/3  Alloy  IV.  as  a 
standard  of  comparison  for  the  other  a/3  alloys.  Alloy  V.,  con- 
taining iron,  shows  a  slight  increase  over  Alloy  IV.  in  the  five- 
minute  test,  and  a  decided  increase  in  the  sixty-minute  test. 

Alloy  VI.,  containing  lead,  also  shows  the  same  tendency, 
only  more  pronounced.  The  adherent  layer  in  this  and  the 
foregoing  case  is  open  in  texture,  so  that  the  zinc  oxychloride 
layer  does  not  retard  corrosion. 

Alloy  VII.,  containing  tin,  shows  an  increase  in  the  five- 
minute  test,  and  a  decrease  in  the  sixty-minute  test.  With 
the  /3  and  a  alloys  described  in  Papers  I.  and  II.  there  was 
found  the  same  tendency.  This  was  due  to  the  retarding 
action  of  the  tough  compact  layer  of  basic  salts,  which  included 
the  tin,  and  a  similar  layer  was  found  in  the  foregoing  experi- 
ments with  the  a/3  alloys. 

No  difference  has  been  found  by  the  author,  so  far,  in  the 
nature  of  the  process  of  corrosion  going  on  under  service 
conditions  and  that  produced  by  an  applied  electromotive 
force.  As  with  Alloy  III.,  and  in  the  case  of  the  ship's  bolt, 
the  electro-chemical  differences  between  the  a  and  /3  consti- 
tuents still  act  away  from  the  surface,  and  determine  the 
process  of  corrosion. 
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In  the  annealed  alloys,  corrosion  first  proceeds  through  the 
/3  areas,  and  then  spreads  to  the  a  areas,  but  still  penetrates 
the  ^  areas  in  advance  after  the  surface  action  has  ceased. 

In  those  cases  of  pitting  examined  by  the  author,  dezincifica- 
tion  was  the  cause,  so  that,  so  far  as  has  been  found,  the  nature 
of  corrosion  in  all  cases  has  been  the  same,  but  the  rate,  of 
dezincification  has  had  a  decided  influence  on  the  ultimate 
result.  To  this  latter  must  be  added  secondary  chemical 
actions,  and  such  mechanical  actions  as  "  scouring "  which 
would  tend  to  clear  away  any  loose  copper  as  would  occur  in 
pitting. 

As  before  stated,  it  is  not  claimed  that  this  method  of 
studying  corrosion  takes  into  account  any  of  the  later  factors 
taking  part  in  this  complex  problem.  It  only  aims  at  arriving 
at  the  means  by  which  corrosion  is  set  up,  and  the  results 
must  be  interpreted  from  this  point  of  view. 

The  author  desires  to  acknowledge  his  indebtedness  to  Mr. 
F.  H.  Pierpont,  of  the  Lanston  Monotype  Corporation,  for  per- 
mission to  complete  the  paper  in  their  laboratory,  and  to  thank 
him  for  his  kindly  interest  in  the  work. 
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DISCUSSION. 

Mr.  Arnold  Philip,  B.Sc.  (Member  of  Council),  said  that  many  of 
the  facts  observed  by  the  author  appeared  to  him  to  be  in  agreement 
with  what  he  himself  had  observed  in  the  corrosion  of  condenser  tube 
brass  in  contact  with  coke  in  sea  water,  a  corrosion  which  was,  however, 
unassisted  by  any  external  electromotive  force.  On  theoretical  grounds 
also,  as  far  as  he  was  able  to  judge,  the  action  of  an  external  electro- 
motive force  in  these  experiments  should  have  very  much  the  same 
qualitative  effect  as  the  action  of  an  electromotive  force  set  up  by  two 
different  conducting  bodies  in  contact  in  sea  water  as  an  electrolyte. 

When  two  dissimilar  conducting  bodies  were  in  contact  in  an  electro- 
lyte not  containing  a  depolarizer,  the  electromotive  force  set  up  generated 
a  current  which  at  once  rose  to  a  maximum,  and  then,  as  was  well  known, 
itself  rapidly  reduced  the  available  electromotive  force  by  coating  the 
conducting  bodies  with  some  product  of  the  electrolysis  of  the  electrolyte. 
This  action  at  once  changed  the  effective  electrical  action  of  the  two  con- 
ducting bodies  from  what  they  originally  were  at  the  commencement  of 
the  action  into  something  different.  What  from  an  electrical  point  of 
view  those  bodies  finally  became  therefore  depended  upon  the  material 
which  was  set  free  at  their  surfaces  by  the  electrolytic  action  ;  if  they 
were  coated  with  gold  they  acted  as  gold,  and  if  they  were  coated  with 
hydrogen  they  acted  as  hydrogen.  The  result,  however,  was  in  practice 
that  the  electromotive  force  was  always  decreased,  and  sometimes  or 
generally  the  resistance  was  increased,  and  therefore  the  current  very 
rapidly  dropped.  But  when  a  suitable  electromotive  force  was  applied 
externally  to  the  same  solids  in  the  same  electrolyte  with  the  electro- 
positive solid  as  the  anode,  the  drop  of  current  after  closing  the  circuit 
was  very  little  marked,  but  it  nevertheless  occurred  to  a  small  extent, 
depending  upon  the  magnitude  of  the  externally  applied  electromotive 
force  and  the  external  resistance  of  the  circuit.  If  one  turned  to  electro- 
lysis caused  by  the  contact  electromotive  force  of  two  conducting  bodies 
immersed  in  an  electrolyte  containing  a  depolarizer,  and  in  which  no 
externally  applied  electromotive  force  was  used,  it  was  found  that  the 
depolarizer  that  existed  in  the  electrolyte  prevented  the  falling  off  of  the 
electromotive  force  and  the  increase  of  resistance,  and  therefore  pre- 
vented the  falling  off  of  the  electric  current  and  of  the  corrosion  due  to 
this  current. 

In  sea  water  a  vital  constituent  was  oxygen,  and  the  oxygen,  as  was 
well  known,  acted  as  a  depolarizer ;  and  as  long  as  sea  water  was  used 
which  contained  oxygen,  the  corroding  action  due  to  a  contact  electro- 
motive force  caused  by  the  contact  of  two  dissimilar  conducting  bodies 
in  the  sea  water  proceeded  with  very  little  diminution,  on  account  of 
the  fact  that  the  hydrogen,  which  was  no  doubt  first  of  all  liberated  at 
the  surface  of  the  electro-negative  solid  conducting  body,  was  destroyed 
by  the  oxygen  present  in  the  water. 

As  a    matter  of  fact,  in   sea   water,  i.e.  water   containing  dissolved 
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oxygen,  the  contact  of  coke  and  a  brass  caused  marked  corrosion  of  the 
brass  at  ordinary  temperatures ;  but  if  the  free  oxygen  was  removed 
from  the  sea  water,  the  corrosion  of  brass  in  contact  with  coke  in  this 
liquid  practically  ceased  in  a  very  short  time,  or  at  least  it  became 
extremely  reduced. 

He  wished,  by  what  he  had  said,  to  call  particular  attention  to  the 
very  great  diiference  that  existed  between  the  action  caused  by  an  exter- 
nally applied  electromotive  force  and  that  caused  by  what  he  might 
term  an  internal  contact  electromotive  force  when  the  latter  of  these 
actions  took  place  in  an  electrolyte  which  contained  no  depolarizer,  and 
when  in  each  case  the  amount  of  action  was  gauged  by  the  amount  of 
corrosion  of  the  same  material  used  as  anode  in  the  case  of  the  externally 
applied  electromotive  force,  and  as  the  electro-positive  solid  in  the  case  of 
the  internal  contact  electromotive  force. 

On  the  other  hand,  as  long  as  oxygen  was  present  to  destroy  the 
polarization  in  the  experiments  with  internal  contact  electromotive  force, 
it  appeared  to  him  that  the  two  types  of  action  must  qualitatively  be  very 
similar  indeed  to  each  other,  and  therefore  the  corrosive  action  which 
Mr.  Whyte  and  Dr.  Desch  had  observed  on  a  given  alloy  when  using 
suitable  applied  external  electromotive  forces  ought  to  closely  resemble 
in  kind  the  corrosion  taking  place  on  this  same  alloy  immersed  in  sea 
water  and  in  contact  with  coke. 

With  regard  to  another  point,  be  noticed  that  Mr.  Whyte  had  observed 
the  formation  of  copper  in  his  experiments.  His  own  experience,  as  far 
as  he  was  able  to  arrive  at  a  conclusion  and  as  he  had  stated  in  a  pre- 
vious communication,*  was  that  when  coke  was  placed  in  contact  with 
a  brass  alloys  in  sea  water  at  normal  temperatures,  metallic  copper  or 
areas  that  had  been  dezincified  were  always  formed  within  forty-eight 
hours.  But  if  in  such  experiments  the  sea  water  was  deprived  of  oxygen, 
he  found  that  such  copper  areas  did  not  appear,  or,  if  they  appeared,  he 
had  not  been  able  to  observe  them.  He  had  experienced  one  difficulty, 
which  perhaps  Mr.  Whyte  might  also  have  experienced.  He  had  felt 
some  diffidence  in  saying  that  he  could  distinguish  merely  by  inspection 
that  metallic  copper  was  really  separated.  He  believed  these  areas  to 
consist  of  copper  in  so  far  as  the  colour  and  lustre  of  the  layer  could 
guide  him ;  but  it  had  been  so  definitely  stated  by  others  that  under 
these  conditions  zinc  was  not  removed  and  copper  did  not  appear  f  — 
and  as  undoubtedly  some  red  oxide  of  copper  was  also  present — that  he 
felt  a  good  deal  of  diffidence  in  deciding  that  the  red-coloured  areas  really 
consisted  of  copper,  and  he  did  not  quite  know  how  to  apply  a  crucial 
test  to  prove  this  point  one  way  or  another.  He  himself  strongly  believed 
that  copper  was  separated  under  the  conditions  stated,  and  this  in  spite 
of  the  fact  that  he  did  not  know  of  a  test  which  would  show  whether 
these  red-coloured  areas  really  consisted  of  copper  or  cuprous  oxide. 
They  certainly  consisted  of  one  or  other,  or  probably  generally  of  both 
of  these  two  substances. 

*  Journal  of  the  Institute  of  Metah,  No.  2,  1914,  vol.  xii.  p.  150. 

t  Second  Report  to  the  Conosion  Committee  of  the  Institute  of  Metals,  Journal  of  the 
Institute  of  Metals,  No.  2,  1913,  vol.  x,  pp.  32  and  34. 
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Dr.  C.  H.  Desch  (Glasgow)  said  that  he  was  very  glad  that  Mr,  Whyte, 
who  was  associated  with  him  in  the  earlier  part  of  the  work,  had  been 
able  to  continue  it,  and  he  could  only  say  that  he  was  quite  in  agreement 
with  the  conclusions  that  Mr.  Whyte  had  drawn  from  the  experiments. 
The  method  of  using  applied  electromotive  force  had  justified  itself  as  a 
means  of  investigating  the  initial  stages  of  corrosion.  It  was  not  pre- 
tended that  the  entire  process  of  corrosion  in  technical  practice  could  be 
followed  by  an  experiment  of  that  kind  ;  but  one  could  discover  how 
corrosion  started,  and  the  effects  in  a  later  stage  could  be  largely  accounted 
for  by  secondary  chemical  reactions.  Mr.  Philip  had  raised  a  very  inter- 
esting point  as  to  the  formation  of  copper  and  copper  oxide.  His 
impression  from  looking  at  a  great  many  specimens,  both  artificially  and 
naturally  corroded,  led  him  to  believe  that  metallic  coi)per  was  always 
formed  first,  but  that  the  copper  was  spongy  in  texture ;  the  oxygen 
readily  penetrated  it,  and  the  spongy  copper  very  readily  absorbed 
oxygen  and  passed  into  cuprous  oxide.  It  was  known  that  spongy 
copper  behaved  in  that  way,  and  it  was  used  as  a  reagent  sometimes  as 
an  absorbent  for  oxygen.  It  was  a  little  dithcult  to  distinguish  copper 
from  cujDrous  oxide  under  the  microscope,  but  with  practice  he  believed 
it  was  always  possible  to  say  whether  one  was  dealing  with  metal  or 
with  oxide.  Looking  at  objects  such  as  the  corroded  bolts,  which  he 
had  had  an  opportunity  of  examining,  it  would  be  found  that  the  /5  areas 
were  replaced  by  a  red  substance  which  was  partly  copper  and  partly 
copper  oxide.  In  some  parts  the  zinc  had  almost  completely  disappeared, 
and  there  was  a  perfect  pseudomorph  left  consisting  partly  of  copper  and 
very  largely  of  cuprous  oxide,  keeping  the  original  form  of  the  crystals 
but  having  the  zinc  almost  completely  removed.  The  amount  of  electro- 
motive force  applied  was,  of  course,  of  some  importance ;  and  in  such 
experiments  it  had  always  been  kept  fairly  low — sufficiently  low  to  allow 
reasonable  corrosion  to  go  on.  Recently,  with  one  of  his  students,  he 
had  been  examining  gun-metals,  and  there,  where  there  was  no  process 
akin  to  dezincification  going  on,  it  was  found  that  the  magnitude  of  the 
applied  electromotive  force  was  very  important ;  that  it  was  possible  by 
increasing  the  difference  of  potential  between  the  anode  and  cathode  to 
get  actual  reversals  of  etching,  causing  the  different  constituents  to 
corrode  at  relatively  differeiit  rates.  But  they  found  that  that  had  very 
much  less  influence  in  the  case  of  copper-zinc  alloys,  and  he  quite  agreed 
with  Mr.  Whyte's  conclusion  that  the  corrosion  taking  place  when  that 
method  was  used  was  of  exactly  the  same  character  as  that  which  took 
place  in  the  technical  use  of  Muntz  metal  and  metals  of  that  class, 
although  in  technical  use  there  were  secondary  reactions  going  on  more 
particularly  connected  with  the  absorption  of  oxygen. 

Professor  T.  Turner,  M.Sc.  (Vice-President),  said  that  he  recognized 
that  it  was  important  to  have  as  many  methods  of  attack  in  investigating 
a  very  difficult  problem  as  possible,  and  from  that  point  of  view  wel- 
comed the  author's  method  of  accelerating  the  tests  of  corrosion.  The 
difficulty  was  that  life  was  short,  and  ordinary  corrosion  occupied  so  long 
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a  period  that  it  was  difficult  to  follow  it  in  detail.  The  author  had  very 
wisely  stated,  and  Dr.  Desch  had  agreed,  that  such  tests  could  not 
exactly  reproduce  the  conditions  of  actual  practice.  Apparently,  how- 
ever, the  tests  had  supported  the  results  obtained  by  Dr.  Bengough  and 
other  observers,  results  which  were  known  to  be  obtained  in  practice, 
namely,  that  annealed  specimens  resisted  corrosion  better  than  cast 
specimens — presuming,  of  course,  that  the  annealing  had  been  properly 
conducted — and  that  very  commonly  /?  was  more  readily  attacked 
than  the  alloys  which  were  richer  in  copper.  But  it  would  be  remem- 
bered that  in  the  experiments  of  Dr.  Bengough  the  behaviour  of  Muntz 
metal  varied  very  considerably  according  to  the  temperature  and  con- 
ditions of  the  experiment.  In  some  of  the  experiments  Muntz  metal 
resisted  corrosion  quite  as  well  as  the  richer  brasses.  In  other  cases 
when  the  temperature  was  higher  the  corrosion  was  much  more  rapid. 
Therefore  it  would  be  seen  at  once  that  it  was  necessary  in  practice  to 
take  into  consideration  other  facts  than  the  electromotive  force.  While, 
speaking  broadly,  he  appreciated  the  work  that  had  been  done,  and 
believed  that  it  added  to  the  knowledge  of  the  subject,  he  had  one  small 
point  of  an  adverse  nature  in  reference  to  the  tables.  The  amount  that 
was  weighed  was  very  small.  In  Table  17,  for  instance,  the  weight  of 
the  precipitant  in  the  first  case  was  0'17  of  a  milligramme,  which  was  an 
extremely  small  weight,  and  later  it  was  calculated  out  to  two  places  of 
decimals,  i.e.  it  was  calculated  out  to  4*37,  and  the  zinc,  3'71  milli- 
grammes, was  calculated  out  to  95-63.  It  appeared  to  him  that  the 
decimals  might  be  omitted ;  one  was  not  quite  sure  of  the  whole 
numbers,  and  certainly  it  was  not  advisable  to  put  in  two  places  of 
decimals.  The  decimals  in  the  tables  might  be  read  without  attaching 
very  much  importance  to  the  last  figure. 

Professor  A.  K.  Huntington,  A.R.S.M.  (Past-President),  wished  to 
express  his  entire  concurrence  in  the  paper.  When  it  came  before 
the  Publication  Committee,  it  appeared  to  be  a  particularly  well  put 
together  paper,  and,  although  he  had  not  had  time  to  go  into  it  since,  he 
was  in  entire  agreement  Avith  the  method  used,  and  thought  that  Mr. 
Whyte  ought  to  receive  every  encouragenient  to  pursue  his  work  in  that 
direction. 

The  Chairman  (Professor  H.  C.  H.  Carpenter,  M.A.,  Ph.D.,  Vice- 
President)  said  that  he  might  be  permitted  to  allude  to  one  point  which 
had  not  been  touched  upon.  He  noticed  that  the  title  of  Mr.  Whyte's 
paper  was  "The  a/3  Alloys  of  Copper  and  Zinc."  Strictly  speaking, 
that  was  not  correct.  It  was  well  known,  whatever  the  interpretation 
of  the  inversion  at  460°  in  copper-zinc  alloys,  that  \i  was  not  a  stable 
phase  at  the  ordinary  temperature  :  either  one  was  dealing  with  ^'  or 
a  +  y.  As  the  inversion  had  been  established,  it  would  be  well  to  take 
note  of  that  fact  in  the  title  of  the  paper  and  in  the  references  to  /?. 
AVhile  on  that  point,  it  was  interesting  to  notice  that  there  was  a  certain 
difference  between  the  way  in  which  a  and  /3'  corroded.     (He  would 
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call  it  for  the  moment  /3',  although  it  might  be  a  +  y.)  On  page  86  of  the 
paper  Mr.  Whyte  said  :  "  The  first  change  in  the  /S  areas  is  that  they 
seem  to  be  full  of  very  minute  pits."  This  was  the  case  in  which  the 
corrosion  was  artificially  stimulated  by  an  external  electromotive  force. 
On  the  following  page,  in  his  description  of  the  naturally  corroded 
material,  he  said :  "  The  a  and  ^  constituents  are  both  replaced  by 
copper,  that  of  the  /3  areas  being  porous  and  of  a  dark  red  colour,  while 
that  of  the  a  areas  is  compact  and  of  a  bright  light  colour."  There 
seemed,  therefore,  to  be  a  decided  diff"erence  in  the  way  in  which  the 
two  constituents  corroded :  a  appeared  to  corrode  as  a  homogeneous, 
but  j8'  as  a  heterogeneous  or  composite  material.  He  ventured  to  think 
that  the  corrosion  of  the  so-called  /3  constituent  agreed  better  with  his 
interpretation  that  it  was  a  very  finely  divided  mixture  of  a  +  y  than 
with  Mr.  Hudson's  interpretation  that  it  was  a  homogeneous  substance. 
He  understood  the  author  to  say  that  the  first  sign  of  corrosion  was  the 
appearance  of  minute  pits,  and  he  himself  would  interpret  this  as  the 
attack  on  the  y  constituent  causing  minute  pits.  This  feature  was 
absent  from  the  corrosion  of  the  a  constituent,  which,  he  gathered, 
corroded  as  a  whole.  He  was  very  sorry  that  Dr.  Bengough  was  not 
present,  because  he  could  have  authoritatively  dealt  with  the  very  im- 
portant point  whether  artificially  stimulated  corrosion  under  the  influence 
of  an  electric  current  was  comparable  even  in  the  initial  stages  with 
natural  corrosion.  He  was  aware  that  Dr.  Bengough  considered  that  the 
very  first  action  in  natural  corrosion  was  the  formation  of  a  film  of 
oxide  over  the  surface  as  a  whole.  If  that  was  the  case,  conditions 
were  set  up  which  would  differentiate  all  the  various  stages  of  corrosion 
from  those  present  in  Mr.  Whyte's  experiments.  He  did  not  know 
whether  he  had  succeeded  in  drawing  Mr.  Hudson  on  the  subject  of  ^', 
but  he  should  be  very  glad  if  that  gentleman  would  contribute  to  the 
discussion. 

Mr.  O.  F.  Hudson,  M.Sc.  (Birmingham),  said  that  the  only  point  he 
could  deal  with  was  the  question  of  the  pitting  of  the  {i.  It  seemed  to 
him  that,  as  Professor  Carpenter  had  pointed  out,  if  /5  was  a  mixture  of 
two  materials,  the  pitting  would  be  explained,  but  he  was  not  quite 
prepared  to  admit  that  that  was  a  proof  of  the  view  that  ^  was  a  duplex 
material. 

Professor  Huntington  said  that  the  ^  in  question  was  not  pure  /5 ; 
it  was  not  free  from  a ;  there  was  a  separating  out,  which  might  cause 
the  pitting,  and  local  action. 

The  Chairman  said  that  Mr.  Whyte  was  entirely  absolved  from 
answering  any  questions  relative  to  the  nature  of  \i' ! 

Mr.  Whyte,  in  reply,  said  that  it  was  quite  easy  to  distinguish,  under  a 
very  high  power,  the  difi'erence  between  copper  and  copper  oxide.  In  the 
corroded  bolt  the  /?  areas  showed  a  dark  border  of  copper  mixed  with 
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copper  oxide,  and  in  the  inner  core  of  the  y8  there  still  remained  some 
bright  copper.  There  was  no  doubt  that  one  was  copper  and  the  other 
oxide. 

Mr.  Philip,  interjecting,  said  that  he  noticed  on  page  86  Mr.  Whyte 
spoke  of  a  film  of  copper.  He  always  thought  it  to  be  copper  himself, 
but  he  did  not  feel  quite  certain  how  this  opinion  could  be  substantiated. 
The  deposits  no  doubt  looked  like  copper,  but  what  was  a  crucial  test 
for  thin  adherent  films? 

Professor  Turner  added  that  when  copper  absorbed  a  certain  amount 
of  copper  oxide,  if  the  specimen  were  sufficiently  thin  it  was  transparent. 
It  was  possible  one  might  get  the  particles  sufficiently  thin  to  look  at 
them  through  the  microscope.  He  did  not  say  that  it  would  always 
answer,  but  in  some  cases  the  transparency  produced  was  most  remark- 
able. 

Mr.  Whyte,  continuing,  said  that  in  the  meantime  he  did  not  know  any 
other  means  of  testing  whether  it  was  copper  or  copper  oxide.*  He  had 
no  doubt  in  his  mind,  from  the  many  samples  he  had  looked  at,  that 
there  was  a  point  of  difference  between  corrosion  that  had  been  going  on 
for  some  time  and  fresh  corrosion.  In  the  latter  case  the  deposit  seemed 
to  consist  of  bright  copper,  whereas  in  the  former  the  deposit  became 
dark,  this  probably  being  due  to  a  partial  change  to  oxide. 

Mr.  Philip  had  spoken  of  the  effect  of  coke,  and  the  results  he  got 
differed  very  much  from  that  of  Dr.  Bengough.  He  agreed  with  Mr. 
Philip  that  coke  or  any  other  electro-negative  particle  was  likely  to 
accelerate  corrosion,  and  he  thought  that  possibly  Dr.  Bengough  had 
clamped  down  the  particles  too  much,  and  so  prevented  an  easy  access  of 
oxygen. 

With  regard  to  the  question  of  weights,  referred  to  by  Professor 
Turner,  they  were  estimations  by  coloured  methods,  and  he  thought  he 
was  quite  right  in  saying  that  the  method  of  estimating  copper  was 
accurate  to  0  005  of  a  milligramme,  or  even  less.  Repeat  analysis  of  the 
same  solution  gave  identical  results.  The  two  decimal  figures  were  not 
verj  important,  but  they  were  put  in  this  paper  to  give  tables  similar  to 
those  of  Papers  I.  and  11.  Professor  Turner  also  mentioned  Dr.  Ben- 
gough's  work  on  the  a  ^  alloys  at  different  temperatures,  and  he  was 
very  sorry  Dr.  Bengough  was  not  present.  He  had  gone  through  his 
Second  Report  two  or  three  times,  and  could  not  find  anything  in  the 
Report  which  could  not  be  explained  by  the  assumption  that  the  primary 
action  was  the  dissolving  out  of  the  zinc  by  electro-chemical  action, 
followed  by  the  solution  of  the  copper  by  purely  chemical  actions.  The 
differences  in  the  resistance  to  corrosion  which  Dr.  Bengough  obtained  by 
varying  the  concentration    and   temperature,  fell  in    exactly  with    the 

*  Since  the  meeting  Mr.  Whyte  had  been  experimenting  with  a  very  dilute  solution  of 
mercurous-nitrate,  and  in  the  majority  of  cases  has  been  able  to  distinguish  between  Cu 
and  CuO,  the  Cu  being  immetliately  coated  with  a  film  of  mercury,  while  the  oxide  is 
unaffected  unless  when  mi.xed  with  a  fair  amount  of  copper. 


Comimmications  on  Whyte  s  Paper  97 

explanation  of  the  electro-chemical  theory,  that  by  increasing  the 
tempei'ature  there  is  more  active  dezincification,  and  by  increasing  the 
concentration  the  remaining  copper  is  dissolved  more  quickly,  giving,  as 
Dr.  Bengough  called  it,  "complete  corrosion."  Dr.  Bengough  had  given 
certain  figures  re  the  reversion  of  the  order  of  resistance  to  corrosion 
from  ordinary  conditions  to  those  produced  by  increasing  the  tempera- 
ture and  dilution,  and  they  are  exactly  what  would  be  expected  on 
account  of  the  electro-chemical  actions  going  on.  With  the  increase  of 
dilution  and  the  increase  of  temperature  they  came  round  to  what  he 
would  consider  their  natural  grouping.  He  believed,  in  all  cases,  there 
were  two  actions  going  on,  first  the  dezincification,  and  secondly  the 
dissolving  of  the  remaining  copper.  The  first  action  is  hastened  by 
increase  of  dilution  and  increase  of  temperature,  and  the  second  by  the 
concentration  of  the  solution.  Looking  at  it  from  that  point  of  view, 
Dr.  Bengough's  results  agreed  wnth  those  put  forward  now.  The  resultant 
efi"ect  of  the  various  basic  oxychloride  films  could  also  be  explained  on 
the  results  of  these  accelerated  tests.  He  was  very  sorry  Dr.  Rosenhain 
had  not  discussed  the  question  of  "  pitting."  The  number  of  tubes 
examined  showed  no  sign  of  dezincification  by  examination  in  the 
ordinary  way,  and  he  believed  he  had  obtained  similar  conditions  to 
those  Dr.  Rosenhain  referred  to  in  the  discussion  on  the  a  alloys.  There 
might  be  many  causes  of  "  pitting,"  but  he  felt  confident  that  "pitting" 
was  only  increased  local  electro- chemical  action,  it  being  so  much 
accelerated  that  the  copper  was  very  loose  and  easily  washed  off.  In 
every  case  of  rapid  corrosion  in  these  tests  the  same  peculiarities  of  the 
copper  deposit  existed,  so  that  he  felt  justified  in  assuming  that  the 
pitting  was  just  a  similar  action  excited  by  some  electro-negative 
particles  or  varying  physical  conditions  of  the  tubes. 

He  could  not  discuss  the  question  of  Professor  Carpenter's  [3',  but 
the  /3  areas  were  certainly  quite  different  from  those  of  the  a  in  the  first 
stages  of  corrosion.  What  he  was  not  sure  of  was  whether  the  markings 
in  the  /3  areas  were  pits  or  copper  oxide,  but  they  disappeared,  and  a  clean 
film  of  copper  was  obtained  on  further  corrosion,  so  that  he  came  to  the 
conclusion  they  were  more  likely  to  be  pits. 


COMMUNICATIONS. 

Mr.  R.  M.  Jones,  jNI.Sc.  (Birmingham),  wrote  that  he  was  very  glad 
that  ^[r.  Whyte  had  provided  a  complement  to  the  investigations  de- 
scribed in  Parts  I.  and  11.  of  the  series,  by  extending  the  investigation 
to  brasses  of  the  a/3  type.  He  wished  to  express  his  admiration  of  the 
skill  shown  in  conducting  the  work  so  accurately  on  such  a  minute  scale. 

He  thought  that  the  observation  of  the  greater  looseness  of  the  copper 
resulting  from  the  dezincification  of  (3  crystals  was  valuable,  and,  com- 
bined with  the  greater  attack  on  this  constituent,  w^as  no  doubt  the  true 
explanation  of  pitting,  when  it  accompanied  rapid  and  general  dezincifi- 
cation, such  as  occurred  under  the  conditions  of  the  author's  experiments. 

G 
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He  was  of  the  opinion,  however,  that  the  pitting  which  was  so  pre- 
valent in  practice  was  a  somewhat  different  phenomenon,  as  in  this  case 
it  was  I'arely  accompanied  by  uniform  or  general  dezinciflcation,  nor 
were  the  pits  confined  to  areas  coincident  with  the  presence  of  the  /?  con- 
stituent in  the  case  of  a/3  alloys. 

While  granting  that  the  mechanism  of  dezinciflcation,  which  had  been 
so  fully  elucidated  by  the  evidence  accumulated  in  this  and  the  two 
previous  papers,  was  likely  to  be  the  same  whenever  dezinciflcation 
occurred,  these  latest  results  obtained  with  a/3  alloys  only  served  to  show 
still  more  forcibly  the  difference  in  the  course  of  corrosion  caused  by  the 
introduction  of  an  external  electromotive  force,  and  the  corresponding 
need  for  caution  in  applying  the  results  to  practice.  Thus  it  was  well 
established  that  the  total  corrosion  of  Muntz  metal  was  much  less  than 
that  of  an  a  brass  like  70  :  30  alloy,  when  only  normal  conditions  obtained, 
i.e.  natural  non-stimulated  corrosion  by  sea  water  at  ordinary  temperature. 
In  that  connection  he  would  take  exception  to  the  statement  made  on 
p.  86,  that  the  initial  electro-chemical  action  was  not  stopped  by  the 
formation  of  oxide  or  other  subsequent  chemical  action.  If  that  were 
true,  how  was  the  above  fact  to  be  explained  1 

Although  the  author's  claim  that  the  nature  of  brass  corrosion  was, 
in  all  cases,  primarily  a  process  of  dezinciflcation  might  be  tenable,  he 
thought  it  should  be  emphasized  that  under  normal  conditions  (as  pre- 
viously mentioned)  no  real  dezinciflcation  resulted  as  regards  a  and  a/3 
alloys.  Copper  would  be  oxidized  as  fast  as  it  was  liberated,  and  the 
oxide  then  completely  removed  by  solution,  so  that  there  was  no  resultant 
preferential  solution  of  the  zinc. 

If  the  rate  of  corrosion  were  much  accelerated  in  any  way,  or  the 
access  of  oxygen  to  the  copper  impeded,  then  it  was  to  be  expected  that 
dezinciflcation  in  the  real  sense  would  result.  An  external  electromotive 
force  was  only  one  of  many  abnormal  conditions  which  would  set  up 
this  phenomenon,  e.ij.  the  use  of  abnormally  high  temperatures. 

The  chief  feature  of  dezinciflcation  and  pitting  under  service  conditions 
was  that  it  usually  occurred  in  localized  patches  irregularly  distributed, 
and  not  uniformly  as  in  the  author's  experiments.  Under  abnormal 
temperature  conditions,  on  the  other  hand,  both  phenomena  were  repro- 
duced, i.e.  dezinciflcation  and  its  occurrence  at  localized  centres  only. 
As  the  author  pointed  out,  the  rate  of  dezinciflcation  had  a  decided 
influence  on  the  result,  and  it  was  quite  possible  that  the  question  of 
general  and  localized  dezinciflcation  was  largely  bound  up  with  it.  He 
considered  that  further  study,  to  be  most  profitable  and  of  greatest 
practical  value,  should  be  directed  upon  this  irregular  occurrence  of  the 
phenomenon. 

Mr.  Whyte  wrote,  in  reply,  that  he  had  read  the  remarks  of  Mr.  R.  M. 
Jones  with  great  interest.  Regarding  the  question  of  pitting,  he  saw 
no  reason  to  alter  his  view  that  in  all  cases  pitting  was  rajjid  dezinciflca- 
tion, whatever  the  cause  might  be.  The  fact  that  it  was  not  often  accom- 
panied by  uniform  or  general  dezinciflcation  served  to  support  the  view 


Cormjiunications  on  JVhytes  Paper  99 

that  the  cause  of  pitting  was  the  stimulating  action  of  the  electro-nega- 
tive particles,  or  varying  physical  conditions  of  the  tubes.  In  the  experi- 
ments with  the  a-fi  alloys  he  himself  had  obtained  a  case  where  the  pit 
was  not  confined  to  the  /3  areas  hut  spread  over  a  portion  of  both  a  and 
/3.  In  this  instance  the  specimen  had  been  carefully  noted  beforehand, 
and  the  cause  was  undoubtedly  a  particle  of  oxide  or  tarnish  formed  by 
prolonged  exposure  to  the  atmosphere. 

When  Mr.  .Jones  remarked  that  the  total  corrosion  of  Muutz  metal  was 
less  than  that  of  an  a-brass  like  70  :  30  alloy,  the  author  was  not  sure  if 
he  intended  to  convey  the  idea  that  the  nature  of  corrosion  in  this  case 
was  not  primarily  dezincification.  He  (the  author)  was  of  opinion  that 
the  total  corrosion  was  the  resultant  of  three  definite  actions,  electro- 
chemical, chemical,  and  mechanical.  In  the  case  above  mentioned,  the 
mechanically  protective  actions  of  the  coating  formed,  or  the  rate  of  the 
subsequent  chemical  actions,  had  probably  overshadowed  the  efi"ects  of 
the  electro-chemical  action.s.  The  fact  that  the  order  was  reversed  (see 
pp.  40  and  46  of  the  Second  Report  to  the  Corrosion  Committee  *), 
under  conditions  favouring  the  electro-chemical  action  and  the  increase 
of  chemical  action  respectively,  rather  tended  to  support  this  view.  On 
page  86  the  author  stated  that  the  initial  electro-chemical  action  was  not 
stopped  by  the  formation  of  oxide  or  other  subsequent  chemical  action,  but 
continued  to  act  o-s  lonij  a.<  corrosion  proceeds.  The  rate  of  the  electro- 
chemical action  or  of  the  chemical  action  might  be  reduced  to  practically  nil 
by  a  protective  coating,  but,  as  had  been  shown  in  the  case  of  the  ship's 
bolt  and  numerous  other  cases,  the  initial  electro-chemical  action  had  acted 
away  from  the  surface.  ^Mien  the  author  stated  the  action  was  not 
stopped,  he  meant  it  was  not  only  a  surface  action  which  ceased  to  have 
any  influence  on  further  corrosion.  The  author  quite  agreed  that  under 
normal  conditions,  in  certain  cases  the  residual  copper  might  be  oxidized 
and  removed  by  solution  almost  as  fast  as  it  was  formed,  so  that  appa- 
rently there  might  be  no  resultant  preferential  solution  of  the  zinc. 

*  Journal  of  the  Institute  of  Metals,  No.  2,  1913,  vol.  x. 
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THE    PROPERTIES    OF  I 

SOME  NlCKEL-ALUxMINIUM  AND  COPPER- 
NICKEL-ALUMINIUM   ALLOYS.* 

By  Professor  A.  A.  READ,  D.Met.,  F.I.C,  and  R.  H.  GREAVES,  M.Sc. 
(University  College,  Cardiff). 

In  view  of  the  practical  importance  of  the  light  alloys  of 
copper  and  aluminium,  and  the  fact  that  an  improvement  has 
in  some  cases  been  effected  by  the  addition  of  a  third  metal, 
the  authors  have  extended  their  study  of  the  alloys  of  copper, 
nickel,  and  aluminium,  so  as  to  include  the  light  alloys  of 
those  metals. 

The  exhaustive  report  of  Carpenter  and  Edwards  t  contains 
very  comprehensive  data  regarding  the  binary  system  copper- 
aluminium,  but  the  literature  of  the  system  nickel-aluminium 
is  much  more  scattered  and  less  reliable.  It  was  therefore 
considered  unnecessary  to  repeat  tests  on  the  copper-aluminium 
alloys,  although  it  was  thought  desirable  to  prepare  and  exa- 
mine some  nickel-aluminium  alloys  to  serve  as  a  basis  of 
comparison. 

Nickel-aluminium  alloys  were  known  in  the  days  when 
aluminium  was  a  rare  metal.  Both  Tissier  \  and  Michel  ^ 
describe  the  alloy  with  25  per  cent,  of  nickel  as  a  tin-white, 
crystalline,  and  brittle  metal.  Tissier  notes  that  aluminium 
with  3  per  cent,  of  nickel  acquires  a  certain  hardness  and 
rigidity,  while  at  the  same  time  it  is  easy  to  work ;  its 
melting  point,  he  found,  was  lower  than  that  of  pure 
aluminium. 

The  constitution  of  the  nickel-aluminium  alloys  has  only 
recently  been  known,  chiefly  by  the  investigations  of  Gwyer,|| 
who  found  that  three  compounds  were  formed,  namely,  NiAl 

*  Read  at  Annual  General  Meeting,  London,  March  19,  1915. 

f  "Eighth  Report,  Alloys  Research,"  Proceedi?igs  of  the  Institution  of  Mechanical 
Engineers,  1907. 

X  Tissier,  "  Recherche  de  1' Aluminium,"  1858. 

§  An7ialen  der  Chemie  zind  P/iai-iiiacie,  vol.  cxv.  p.  102. 

II  Zeitschriftfiir  anorganische  Chemie,  1908,  vol.  Ivii.  p.  113. 
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(in.p.  1640°  C),  NiAl,,  and  NiAlg.  Robin*  gives  a  photo- 
micrograph of  the  alloy  containing  15  per  cent,  of  nickel  and 
85  per  cent,  of  aluminium  showing  needles  to  which  he 
assigns  the  formula  NiAl.,  and  he  further  states  that  this 
constituent  occurs  in  the  alloy  composed  of  25  per  cent,  of 
nickel,  18  per  cent,  of  copper,  and  57  per  cent,  of  aluminium. 
The  existence  of  the  compound  NiAl^  is  supported  by  Guill^:'|"i^ 
he  states  that  the  nickel-aluminium  alloys  show  interesting 
mechanical  properties,  notably  when  the  nickel  contents  do 
not  exceed  2  per  cent.  From  2  to  5  or  6  per  cent,  the  com- 
pound NiAl^,  or  at  any  rate  a  eutectic  Al-NiAl^,  is  present  in 
large  quantity,  and  the  alloy  becomes  brittle.  The  following 
table  gives  Guillet's  J  results  for  an  alloy  with  2  per  cent,  of 
nickel,  and  Lejeal's  §  for  an  alloy  containing  45  per  cent,  of 
nickel,  which,  he  states,  rolled  well  and  was  easily  worked, 
though  it  had  a  coarsely  crystalline  structure : 


Nickel 
per  Cent. 

2-0     1 
4-5    \ 

Treatment. 

Maximum  Stress. 
Tons  per  Sq.  In. 

Elongation 
per  Cent. 

Authority. 

Forged  and  annealed  at  450"  C. 
Forged  without  annealing. 
Forged  cold  and  annealed. 
Forged  at  low  red. 
Forged  at  weak  cherry  red. 

11-9 
20-0 
9-3 
10-2 
10-3 

20-0    1 

12-0    \ 

6-0    ^ 

5-5    \ 

11-5    J 

Guillet. 
Lejeal. 

Campbell  and  Matthews  ||  refer  to  the  use  of  from  2  to  5  per 
cent,  of  nickel  as  a  hardener  for  aluminium,  often  with  the 
addition  of  copper  or  other  metals.  For  castings  they  recom- 
mend as  much  as  7  to  10  per  cent,  of  nickel  where  hardness 
is  required.^  The  Pittsburg  Reduction  Company  are  said  to 
have  put  on  the  market  aluminium  hardened  with  a  small 
percentage  of  nickel,  made  by  adding  nickel  oxide  directly 
to  the  bath  in  which  alumina  is  being  electrolyzed.**     They 

*  Robin,  "  Trait6  de  M^tallographie,"  1911,  p.  344.  The  photomicrograph  is  errone- 
ously described  in  the  plate  as  containing  5  per  cent,  of  nickel. 

t  Guillet,  "  Les  Alliages  M^talliques,"  190(5,  p.  942.  +  Ibid.,  p.  944. 

§  Lejeal,  "  L' Aluminium,"  1894. 

II  Journal  of  the  American  Chemical  Society,  1902,  vol.  xxiv.  [3],  p.  2.53. 

IT  Journal  of  the  Society  of  Chemical  Industry,  1897,  p.  244  (Report  from  the  Alu- 
minium World"). 

**  Richards,  "Aluminium,  its  Metallurgy  and  Alloys,"  1896,  p.  511. 
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claim  for  these  alloys  a  tensile  strength  in  castings  of  11  to 
13*4  tons  per  square  inch,  and  m  rolled  rods  or  sheets  of  20 
to  22*3  tons  per  square  inch.  Specimen  coins  of  aluminium 
alloyed  with  2  per  cent,  of  nickel  were  submitted  to  the  Mint 
by  Mr.  G.  Matthey,*  but  this  alloy  has  never  been  actually  used 
for  coinage  purposes.  Although  a  difference  of  opinion  exists 
as  to  the  rate  of  corrosion  of  these  alloys,  it  is  generally  agreed 
that  they  are  corroded  more  readily  than  pure  aluminium. 

Many  of  the  so-called  "  nickel-aluminium  "  alloys  really  con- 
tain copper  as  well:  such  an  alloy,  according  to  Richards,"|"  should 
contain  a  total  of  from  2-  to  5  per  cent,  of  nickel  and  copper 
together  if  intended  for  rolling.  HantzschelJ  gives  16 '4  tons 
per  square  inch  as  the  ultimate  tensile  strength  of  a  rolled 
alloy  of  this  class  whose  composition  is  not  stated,  but  whose 
specific  gravity  is  2*86  (this  would  correspond  with  about  7  or 
8  per  cent,  of  nickel  and  copper  together).  Belin  ^  specifies  an 
alloy  containing  9 4' 3  per  cent,  of  aluminium,  4*6  per  cent,  of 
copper,  and  1  per  cent,  of  nickel,  which  he  states  to  have  an 
ultimate  tensile  strength  of  15  1  tons  per  square  inch,  an  elastic 
limit  of  11*25  tons  per  square  inch,  with  an  elongation  of  7 
per  cent.  Frequent  reference  is  found  to  alloys  of  this  class 
in  Patent  Literature,  but  a  large  number  of  them  are  very 
complex  and  apparently  useless.  Richards,  ||  however,  recom- 
mends a  manganese- copper-nickel-aluminium  alloy  for  hard- 
ness, and  for  general  purposes  an  alloy  of  aluminium  with  2  or 
3  per  cent,  of  German  silver,  which  he  states  to  have  a  tensile 
strength  of  10  tons  per  square  inch  in  the  cast  state,  and  18 
tons  per  square  inch  with  3  to  5  per  cent,  elongation  when 
rolled  hard.  Guilletll  refers  to  the  use  of  an  alloy  v/ith  2 
per  cent,  of  nickel  and  2  or  3  per  cent,  of  copper  for  the 
sheathing  of  yachts,  but  states  that  such  alloys  do  not  present 
any  great  advantage  over  those  of  nickel  only,  a  conclusion 
which  is  endorsed  by  Law.** 

*  Roberts-Austen,   "Alloys  used  for  Coinage,"  Journal  of  the  Society  of  Arts,  1884, 
xxxii.  p.  835. 

t  Engineering  and  Mining  Journal,  1903,  vol.  Ixxvi.  p.  508. 
X  Proceedings  of  the  Institution  of  Civil  Engineers,  1901,  vol.  cxlvi.  p.  49. 
§  French  Patent ;  %ss.  Journal  of  the  Society  of  Chemical  Industry ,  1910,  p.  1211. 
II    Engineering  and  Mining  Journal,  1903,  vol.  Ixxvi.  p.  508. 
H  Guillet,  "  Les  Alliages  M^talliques,"  19U6,  p.  944. 
**  Law,  "  AUoys  and  their  Industrial  Applications,"  1909,  p.  211. 
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The  work  of  other  investigators  dealing  with  specific  pro- 
perties of  these  alloys  is  referred  to  later,  under  the  appro- 
priate headings. 

Materials  Used. 

For  the  purpose  of  carrying  out  this  research  the  following 
materials  were  procured  : — 

Aluminium  (guaranteed  99'5  per  cent,  pure)  from  the 
British  Aluminium  Company :  this  was  found  on  analysis  to 
contain 

Per  Cent. 

Silicon 0'17 

Iron 018 

Copper      ........     trace 

Sodium O'O.T 

Aluminium  (by  difference)        ....     99"60 

Shot  nickel  containing  at  least  9 9" 8  per  cent,  of  nickel 
from  the  Mond  Nickel  Company :  this  on  analysis  gave 

Per  Cent. 

Silicon 0-01 

Iron 0*04 

Electrolytic  copper  of  very  high  purity  from  Messrs.  Vivian 
and  Sons,  Swansea. 

The  copper  was  introduced  into  the  alloy  in  the  form  of 
50  per  cent,  cupro-aluminium,  whose  melting  point  (575°  C.) 
is  considerably  below  that  of  pure  aluminium  (657°  C). 

For  the  introduction  of  nickel,  a  20  per  cent,  nickel- 
aluminium  alloy  was  employed  on  account  of  the  extremely 
high  melting  points  of  alloys  containing  a  larger  percentage. 
This  alloy,  though  not  brittle  like  the  50  per  cent,  cupro- 
aluminium,  is  easily  broken  in  a  vice.  It  was  prepared  by 
first  melting  pure  aluminium  without  any  cover  or  flux,  and 
then  adding  shot  nickel  a  little  at  a  time,  waiting  after  each 
addition  until  the  nickel  had  dissolved.  The  temperature 
meanwhile  was  kept  as  low  as  possible,  consistent  with  fairly 
rapid  solution :  and  the  molten  metal  was  stirred  at  intervals 
with  a  pipe-clay  stirrer.  The  addition  of  too  much  nickel  at 
a  time  may  result  in  the  formation,  at  the  bottom  of  the  pot, 
of   an    infusible    mass    which   can   only   be   got   rid   of  with 
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difficulty.  The  temperature  needs  to  be  regulated  carefully : 
if  it  is  too  high  the  metal  smells  strongly  of  hydrocarbons  on 
fracture,  the  carbide  very  probably  being  derived  from  carbon 
monoxide  which  penetrates  the  pot  at  high  temperatures. 

6  Al  +  3C0  =  AI2O3 + Al^Cg. 

This  reaction  is  known  to  take  place  under  certain  con- 
ditions.* If,  on  the  other  hand,  the  temperature  is  too  low, 
solution  of  the  nickel  will  not  take  place.  Although  no 
actual  measurements  were  made,  a  temperature  of  about 
850°  C.  appears  to  be  suitable  for  fairly  rapid  production  of 
a  20  per  cent,  alloy,  giving  only  a  very  slight  smell  of 
hydrocarbons  on  fracture. 


Methods  of  Analysis. 

Estimation  of  Nickel. — Drillings  or  turnings  of  the  alloy 
were  dissolved  in  dilute  caustic  soda  solution.  The  nickel 
and  main  bulk  of  the  copper  remain  undissolved.  The 
solution  was  filtered  and  the  metallic  residue  which 
settled  readily,  washed  once  or  twice  by  decantation  and  then 
dissolved  in  nitric  acid.  The  acid  solution  was  evaporated  to 
dryness,  baked,  the  mass  taken  up  in  hydrochloric  acid,  and 
again  evaporated  until  the  chlorides  began  to  separate.  After 
adding  acetic  acid  and  diluting  with  hot  water,  the  copper 
was  reduced  to  the  cuprous  state  by  means  of  sulphurous 
acid.  It  was  then  precipitated  with  a  solution  of  potassium 
sulphocyanide,  and  the  cuprous  sulphocyanide  filtered  off, 
fractional  filtration  being  employed  to  avoid  washing  the 
precipitate.  The  nickel  in  the  filtrate  was  estimated  by 
titrating  in  the  usual  way  with  standard  solutions  of  potas- 
sium cyanide  and  silver  nitrate,  a  few  drops  of  tartaric  acid 
solution  being  added  before  the  ammonia  to  prevent  the  pre- 
cipitation of  an}^  iron  or  aluminium  hydroxides  which  may  be 
present. 

Estimation  of  Copper, — The  alloy  was  dissolved  in  dilute 
hydrochloric  acid,  and  before  the  reaction  had  completely 
subsided  the  liquid  was  filtered.     The  copper  does  not  begin 

*  Guntz  and  Masson,  Compfes  Rendus,  1897,  vol.  cxxiv.  p.  187. 


Aluminiujji  and  Copper-JVicke I- Aluminium  Alloys  105 

to  dissolve  until  the  aluminium  has  gone  into  solution,  so 
that  in  this  way  the  copper  can  be  separated  from  the  main 
bulk  of  the  aluminium.  The  spongy  metallic  residue  was 
dissolved  in  nitric  acid,  the  solution  evaporated  almost  to 
dryness,  and  the  copper  determined  by  titration  with  sodium 
thiosulphate  solution  in 'the  usual  way. 

Estimation  of  Silicon. — The  alloy  was  dissolved  in  aqua  regia, 
concentrated  sulphuric  acid  added,  and  the  solution  boiled 
down  till  it  fumed  strongly.  It  was  then  diluted  with  water, 
a  little  hydrochloric  acid  added,  and  the  whole  boiled  for 
some  time.  Silica  in  the  residue  was  estimated  by  treatment 
with  hydrofluoric  acid. 

Estimation  of  Iron. — The  alloy  was  dissolved  in  pure  sodium 
hydroxide  solution,  and  the  precipitate  containing  copper, 
nickel,  and  iron  filtered  off  and  redissolved  in  hydrochloric 
acid.  The  iron  was  reprecipitated  with  excess  of  boiling 
ammonium  hydroxide  solution,  the  precipitate  filtered  off,  and 
washed  with  warm  water.  The  iron  was  then  estimated 
calorimetrically  by  means  of  potassium  sulphocyanide. 

Preliminary  Experiments. 

Small  trial  ingots  weighing  about  100  grammes,  containing 
varying  amounts  of  aluminium,  copper,  and  nickel,  were  cast 
in  open  chill  moulds.  The  compositions  of  these  ingots  are 
recorded  in  Table  I.,  p.  1Q6. 

In  all  cases,  these  alloys  contained  small  quantities  of  iron 
and  silicon  (approximately  0"2  per  cent,  of  each),  which 
should  be  deducted  from  the  figures  given  for  aluminium. 

Cold-rolling  Tests. — Pieces  having  the  approximate  dimen- 
sions 2'5  inches  by  O^G  inch  by  0'35  inch  were  cut  for  rolling. 
These  were  rolled  cold  with  the  necessary  annealings,  if 
possible  to  a  thickness  of  0*1  inch,  and  then  without  further 
» annealing  to  a  strip  having  a  thickness  of  0'02  inch.  The 
annealing  was  done  by  heating  to  450°  C.  in  a  mufHe  furnace 
for  ten  or  fifteen  minutes,  and  quenching  in  water.  In  some 
cases  this  temperature  was  found  to  be  too  high,  and  better 
results  followed  annealing  at  not  more  than  400°  C.  in  the 
case  of  alloys  with  9  6  per  cent,  of  aluminium  and  under. 
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Table  I. — Gom.position  of  the  Small  Trial  Ingots. 


Composition. 

Composition. 

No.  of 
Trial 

No.  of 
Trial 

Ingot. 

Copper 

Nickel 

Aluminium 

Ingot. 

Copper 

Nickel 

Aluminium 

per  Cent. 

per  Cent. 

per  Cent. 

per  Cent. 

per  Cent. 

per  Cent. 

32 

1-4 

98-6 

31 

3-8 

96-2 

33 

2-2 

97-8 

10 

4-0 

6 -9 

951 

1 

i-'o 

0-9 

98-1 

11 

4-0 

2-0 

94-0 

2 

10 

2-0 

97-0 

12 

4-0 

3-0 

93-0 

3 

1-0 

3-0              96-0        1 

20 

41 

3-5 

92-4 

27 

1-0 

4-5 

94-5 

21 

4-1 

5-8 

901 

28 

1-0 

5-7 

93-3 

15 

41 

7-9 

88-0 

29 

1-0 

6-6 

92-4 

24 

5-1 

1-0 

93-9 

30 

1-9 

98-1 

14 

5-1 

6-7 

88-2 

4 

2-2 

6-9 

96-9 

26 

5-6 

1-9 

92-5 

5 

2  0 

2-0 

96-0 

22 

61 

2-8 

911 

6 

21 

2-6 

95-3 

23 

6-1 

3-4 

90-5 

19 

2-3 

5-0 

92-7 

13 

6-1 

5-6 

88-3 

18 

2-2 

7-9 

89-9 

25 

6-8 

1-1 

921 

•      7 

3-0 

1-0 

96-0 

17 

81 

1-0 

90-9 

8 

31 

2-2 

94-7 

16 

8-1 

4-0 

87-9 

9 

3-3 

2-8 

93-9 

The  behaviour  of  the  alloys  in  this  test  may  be  summarized 
for  each  series  with  constant  copper,  thus : 

JVicJcel- Aluminium  Alloys. 

Copper,  nil. — Nos.  32,  33  very  good,  perfectly  sound  ;  a 
piece  cut  from  the  large  ingot  No.  10  (Table  II.) 
showed  slight  fraying  at  the  edges  in  this  test. 

Copper- Nichel- Aluminium  Alloys. 

Copper,  1  per  cent. —  1,  2,  3   perfectly  sound;   2  7,  28  poor; 

29  useless. 
Copper,   2   per   cent. — 30,  4  perfectly  sound  ;    5,    6    edges 

serrated;   19  very  poor;    18  useless. 
Copper,  3  per  cent. —  7,  8  edges  serrated;   9  poor. 
Copper,  4i  per  cent. — 31,  10  surface  cracks;   11,  12,  20  poor; 

21,  15  useless. 
Copper,  5  per  cent. — 24  very  poor  ;    14  useless. 
Copper,  6  per  cent. — 26,  22,  23,  13  useless. 
Copper,  7  per  cent. — 25  useless. 
Copper,  8  per  cent. — 17,  16  useless. 
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The  word  "  useless "  in  the  above  summary  is  used  to 
indicate  that  the  metal  cracked  after  the  first  pass  or  two  ; 
"  poor "  implies  that  the  metal  broke  down  before  reaching 
a  thickness  of  O'l  inch,  in  spite  of  repeated  annealing. 

The  variation  in  properties  of  these  alloys  is  more  easily 
followed  if  shown  graphically  in  a  triangular  diagram.  The 
sides  of  the  triangle  are  divided  to  represent  percentage  com- 
position, and  lines  drawn  in  the  diagram  parallel  to  a  side 


2  9  6  d        S     /O 

P£ffC£Nr/1G£  OF  COPPE/? 

Fig.  1. — Compositions  of  the  Trial  Ingots. 

represent  a  series  of  alloys  of  which  one  constituent  is  present 
in  a  constant  proportion. 

For  the  purpose  of  representing  the  compositions  of  the 
alloys  used  in  these  preliminary  experiments,  only  a  small 
portion  of  the  whole  ternary  diagram  will  be  required  :  this  is 
shown,  together  with  the  compositions  of  the  trial  ingots,  in 
Fig.  1.  It  should  be  noted  that  any  line  parallel  to  OA  or  OB 
represents  a  series  of  alloys  having  a  constant  amount  of 
copper  or  nickel  as  the  case  may  be,  while  the  alloys  which 
lie  on  any  line  parallel  to  the  third  side  of  the  triangle,  such 
as  AB,  all   contain  the   same  quantity  of  aluminium ;  or,  in 
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other  words,  the  sum  of  the  percentages  of  nickel  and  copper 
is  constant. 

In  Fig.  2  the  diagram  is  divided  up  into  areas  according  to 
the  behaviour  of  the  alloys  on  cold-rolling  ;  of  course  it  will 
be  understood  that  there  is  no  discontinuity  at  the  boundaries 
there  shown,  the  different  classes  distinguished  gradually 
merge  into  one  another. 


"f  6  a 

P£/?C£A/r/}C£  0FC0PP£/? 


to 


I.  Perfectly  sound. 
III.   Broke  down  on  rolling. 


II.   Edges  serrated,  or  surface  cracks. 
IV.   Useless  :  cracked  after  first  or  second  pass. 

Fig.  2.— Cold-rolling  Tests. 


Wire-drawing  Tests. — Some  of  the  cold-rolled  strips  were  slit 
for  wire-drawing,  but  the  results  of  these  trials  need  not  be 
given  here,  since  the  ductility  of  the  alloys  as  measured  by 
their  capacity  for  drawing  into  wire  is  referred  to  in  detail  later 
(see  Fig.  5). 

Hot-forging  Tests. — Small  blocks  of  metal,  having  the 
dimensions  1|  inch  by  1  inch  by  h  inch  thick,  were  forged 
down  hot  to  a  thickness  of  \  inch.  The  pieces  were  heated 
to  450°  C.  for  ten  minutes  in  a  muffle,  a  steel  block  being 
heated  to  the  same  temperature.     The  steel  block  and  piece 
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to  be  forged  were  withdrawn  together,  placed  on  an  anvil,  and 
the  alloy  struck  smartly  with  a  sledge  hammer :  the  harder 
samples  had  to  be  reheated  before  they  were  reduced  to  \ 
inch. 

The  field  covered  by  the  alloys  examined  could  be  divided 
up  into  three  areas,  shown  in  Fig.  3.  Trial  ingots  Nos.  15,  14, 
13,  16  behaved  badly  in  the  tests,  showing  cracks  at  the  edges. 
The  temperature  exercised  a  marked  effect;  at  530°  C.  some 
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Perce AfTAGf  of  Copper 
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I.  Perfectly  sound.         II.   Imperfect  at  edges.         III.  Cracked. 
Fig.  3. — Hot  Forging  Tests. 

of  the  alloys  which  forged  well  at  a  lower  temperature  were 
badly  cracked,  and  at  a  slightly  higher  temperature  they 
crumbled  to  powder.  This  was  especially  the  case  with  those 
having  a  high  total  percentage  of  copper  and  nickel. 

In  both  hot  and  cold  tests  the  effect  of  copper  in  reducing 
the  malleability  of  aluminium  was  more  marked  than  that 
of  nickel.  The  authors  were  thus  led  to  extend  the  range 
of  composition  of  the  alloys  chosen  for  more  detailed  investiga- 
tion to  a  higher  percentage  of  copper  and  nickel  than  they 
otherwise  would  have  done  :  and  although,  as  will  appear  later 
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their  expectations  with  regard  to  the  excellent  behaviour  of 
the  alloys  on  rolling  were  fully  confirmed,  the  mechanical 
properties  of  the  material  are  not  well  maintained  in  the 
hisfher  members  of  the  series. 


Melting  and  Casting  of  the  Ingots. 

The  aluminium,  together  with  the  necessary  quantities  of 
50  per  cent,  copper-aluminium  and  20  per  cent,  nickel- 
aluminium,  was  melted  in  a  Salamander  crucible  in  a  coke 
wind  furnace.  No  charcoal  or  flux  was  used  as  a  cover,  and 
the  greatest  possible  care  was  taken  not  to  overheat  the 
metal.  Before  pouring,  the  metal  was  stirred  with  a  clean 
iron  rod ;  this  treatment  had  no  appreciable  eifect  on  the  iron 

Table  II. — Composition  of  the  higots. 


No. 

Copper 
per  Cent. 

Nickel 
per  Cent. 

Iron 
per  Cent. 

Silicon 
per  Cent. 

Aluminium 

per  Cent. 

(by  difference). 

1 
2 
3 
4 

2-00 
1-97 
213 

2-10 

1-12 
2-22 
3-74 
5.33 

0-17 
0-17 
0-17 
0-16 

0-17 
016 
016 
016 

96-54 
95-48 
93-80 
92-25 

5 
6 

7 
8 

4-07 
413 
4-07 
4-08 

1-12 
2-16 
3-21 
4-30 

015 
0  14 
0-11 
010 

015 
015 
014 
0  13 

94-51 
93-42 
92-47 
91-39 

9 
10 

1-87 
4-31 

0-14 
0-14 

013 
012 

97-86 
95-43 

content  of  the  alloy.  The  crucible  was  removed  from  the 
furnace  as  soon  as  its  contents  were  molten,  and  the  metal 
stirred,  skimmed,  and  teemed  at  as  low  a  temperature  as 
possible  into  a  circular  cast  iron  chill  mould,  following  up 
with  fluid  metal  from  the  pot  to  avoid  the  pipe  which  would 
be  caused  by  shrinkage.  Alloys  high  in  nickel  appear  to 
require  most  following  up.  The  ingots  thus  cast  were  2j 
inches  in  diameter  and  18  inches  long,  and  weighed  about  7^ 
lbs.      The  time  taken   in   their  preparation   averaged  about 
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twenty  minutes  per  cast.  Ten  ingots  were  cast,  two  containing 
no  copper,  four  with  2  per  cent.,  and  four  with  4  per  cent. :  the 
analyses  of  these  are  given  in  Table  II.  A  number  of  smaller 
ingots,  which  were  tested  in  the  form  of  castings,  were  also 
prepared.  These  were  1  inch  in  diameter  and  1 0  inches  long, 
and  were  made  in  pairs  under  the  same  conditions  as  the 
larger  ingots  already  described.  The  chill  mould,  bedded  in 
sand,  used  for  these  cast  bars  is  shown  in  Fig.  4. 


Fig.  4. — Mould  for  Chill  Cast  Test-pieces.     One-quarter  actual  size. 


Rolling  of  the  Ingots. 

The  ingots  were  centred  and  the  skin  turned  off  in  the 
lathe :  they  were  then  forwarded  to  the  Milton  works  of  the 
British  Aluminium  Company  for  rolling.  The  authors  are 
greatly  indebted  to  the  British  Aluminium  Company  for  the 
kindness  they  have  shown  in  undertaking  to  roll  the  ingots, 
and  for  their  report  on  the  behaviour  of  the  alloys  in  rolling. 
This  report,  giving  particulars  of  the  conditions  under  which 
the  rolling  was  carried  out,  was  as  follows : 

"  Each  billet  treated  as  below.  All  billets  heated  in  muffle 
and  rolled  at  400°  C.  down  to  1-inch  diameter  rods.     A  full 
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12  inches  was  cut  off  each  and  heated  to  400°  C.  and  rolled 
down  to  i-inch  diameter  rods. 

"  One  half  of  this  ^-inch  rod,  cold  drawn  to  |^  inch  with  two 
passes,  all  receiving  the  same  treatment.  Half  of  the  remain- 
ing 1-inch  rod  cold  drawn  to  |^  inch,  two  passes  given,  all  re- 
ceiving the  same  treatment. 

"The  metal  all  rolled  well.  Several  of  the  1-inch  rods 
drawn  down  to  1^  inch  broke  in  the  grips,  causing  some  of  the 
lengths  to  be  rather  short. 

"  Reductions. — Hot  rolled  :  Sixteen  passes  required  to  reduce 
2-inch  to  1-inch  diameter  rods  (y^^  inch  on  each  pass);  seven 
passes  required  to  reduce  1-inch  to  |^-inch  diameter  rods 
(|-  inch :  J-|  inch :  ^  inch :  1  inch  X  -|  inch  oval :  -^^  inch  : 
§  inch  X  j^y  inch  oval :  ^  inch). 

"  Cold  drawn:  Two  passes  required  to  reduce  1-inch  to  ^-inch 
diameter  rods  {\^  inch  and  |^  inch) ;  two  passes  required  to 
reduce  -|^-inch  to  §-inch  diameter  rods  {^^  inch  and  f  inch)." 

All  the  rods  were  received  in  good  condition.  The  rods 
which  had  broken  during  cold-drawing  from  1  inch  down  to 
^  inch  diameter  were  Nos.  7  and  8  ;  no  breakage  occurred  on 
drawing  down  from  ^  inch  to  |-  inch  diameter. 

There  was  no  sign  on  fracture  of  any  of  the  rods  having 
drawn  hollow,  and  nothing  was  met  with  in  the  subsequent 
tests  to  indicate  mechanical  defects  in  the  cold-drawn  material. 
These  results  therefore  bear  out  the  conclusion  formed  from 
the  preliminary  tests  that  nickel  has  not  so  great  an  effect  as 
copper  in  reducing  the  malleability  of  the  light  alloys. 

Wire-drawing  Tests. 

A  portion  of  each  f-inch  diameter  rod  was  turned  down  to 
-^^  inch  diameter  and  drawn  into  wire,  first  on  a  small  draw- 
bench  and  afterwards  by  hand.  Some  of  the  wires  could  be 
drawn  down  to  the  smallest  hole  of  the  drawplate,  others 
broke  repeatedly  before  that  was  reached,  in  spite  of  frequent 
annealing.  The  diameter  at  which  the  drawing  had  to  be 
abandoned  will  therefore  serve  as  an  estimate  of  the  relative 
ductility  of  the  material.  The  results  are  given  in  Table  III. 
In  this  table  are  also  included  results  obtained  from  some 
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Table  III. —  Wire-drmoing  Results. 


No. 

Composition. 

Finished  at 

Copper 
per  Cent. 

Nickel 
per  Cent. 

Hole 
(1  to  50). 

Corresponding 
Diameter 
in  Inches. 

23 
9 

10 
26 

1-11 
1-87 
4-31 

5-52 

50 
50 

48 
44 

0  033 
0-033 
0-040 
0-048 

Tr.  1 
Tr.  3 

0-99 
103 

0-90 
3-04 

50 

50 

0-033 
0'033 

1 
2 
3 
4 

2-00 
1-97 
2  13 
2-10 

1-12 
2-22 
3-74 
5-33 

50 
46 
42 
26 

0-033 
0-046 
0-050 
0-084 

5 
6 

7 
8 

4-07                    1-12 
4-13                    2-16 
4-07                    3-21 
4-08                    4-30 

50 
50* 
26 
38 

0-033 
0  033 

0-084 
0-056 

Only  a  very  short  length  of  this  wire  was  obtained. 


W/i  frequen/-annea/ing 
I      Pflsseo  Hole    50 

H        ..         -       fo 

20 


q-  6  a 

Percentage  of  Copper 

Fig.  5. — Wire-drawing  Tests. 
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of  the  trial  ingots,  to  which  reference  has  already  been 
made. 

Wires  which  drew  down  to  the  last  hole  were  all  sound  and 
smooth ;  those  which  failed  earlier  were  apt  to  be  rather 
rough  and  uneven. 

The  behaviour  of  these  alloys,  shown  diagrammatically  in 
Fig.  5,  indicates  that  the  ductility  of  the  metal  falls  off  as 
the  total  percentage  of  copper  and  nickel  increases.  The 
wire-drawing  tests,  unlike  the  tests  of  malleability  already  de- 
scribed, do  not  reveal  any  superiority  of  the  nickel- aluminium 
alloys  over  those  of  copper-aluminium,  possibly  on  account  of 
the  lower  tensile  strength  of  the  former. 

Machining  Properties  of  the  Alloys. 

No  difficulty  was  experienced  in  the  machining  of  any  of 
the  alloys  examined,  and  turnings  of  great  length  could  be 
obtained  from  all  the  rolled  bars.  It  is  essential,  however,  to 
have  a  good  lip  ground  on  the  tool  to  allow  plenty  of  clearance, 
otherwise  the  metal  is  liable  to  drag,  especially  in  the  castings. 
If  this  precaution  is  observed,  the  harder  alloys  can  be  machined 
without  any  lubricant,  though  its  use  is  advisable  in  most 
cases,  especially  in  turning  the  softer  alloys.  Very  little  dif- 
ference in  behaviour  was  noted  between  any  of  the  rods, 
whether  hot  rolled,  cold  drawn,  or  annealed,  except  that  the 
alloys  became  harder  as  the  total  percentage  of  copper  and 
nickel  increased. 

Tensile  Tests. 

In  the  tests  about  to  be  described  H  refers  to  the  cold 
drawn,  A  to  the  annealed  and  slowly  cooled,  Q  to  the  quenched 
material,  while  C  indicates  the  chill  castings,  made  as  described 
above.  Rods  as  received  from  the  rolls,  in  a  hot  rolled  con- 
dition, are  denoted  by  the  number  alone,  without  any  letter. 

The  annealing  was  carried  out  by  heating  the  rods  with  a 
pyrometer  attached,  in  a  closed  gas  muffle  to  450°  C,  and 
keeping  them  at  that  temperature  for  half  an  hour.  The  gas 
was  then  turned  off,  the  damper  closed,  and  the  rods  after 
being  allowed  to  cool  slowly  were  withdrawn  when  quite  cold. 
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The  quenched  specimens  were  rods  1  inch  in  diameter,  and 
9  inches  long,  having  a  vokime  of  about  7  cubic  inches,  and 
weighing  about  07  lb. ;  they  were  heated  up  to  450°  C,  kept 
at  that  temperature  for  about  twenty  minutes,  and  then 
quenched  in  cold  water. 

The  dimensions  of  the  finished  test-pieces  (except  in  the 
case  of  the  |-inch  rods),  were  as  follows : 

Inches. 
Diameter  ........     0'564 

Gauge  length    .......     2 

Parallel 2\ 

The  |-inch  rods  were  tested  in  the  following  form : 

Inches. 

Diameter 0-356 

Gauge  length    .......     2 

Parallel 2\ 

The  tests  were  carried  out  on  a  Buckton  universal  horizontal 
testing  machine  fitted  with  a  Wicksteed  recorder.  In  all 
cases  the  stress-strain  diagram  up  to  a  stress  beyond  the  yield 
point  was  constructed  from  observations  made  with  a  EAving's 
extensometer, by  which  readings  could  be  taken  to  50^00   ii^ch. 

Some  typical  curves  obtained  in  this  way  are  shown  in 
Fig.  6,  p.  116. 

Determination  of  the  Yield  Point. — It  is  evident  from  an 
inspection  of  the  curves  that  no  marked  yield  point  exists 
for  these  alloys,  and  in  deciding  the  value  of  the  stress  to  be 
taken  as  the  yield  point,  some  arbitrary  definition  of  its  position 
had  to  be  adopted.  In  Table  IV.  (p.  117)  the  figures  obtained 
by  assuming  several  such  definitions  are  shown  for  comparison. 
The  approximately  true  elastic  limit,  or  limit  of  proportionality 
of  strain  to  stress,  is  given  in  Column  1.  Column  2  contains 
the  values  taken  from  the  autographic  stress-strain  diagrams 
obtained  with  a  Wicksteed  recorder,  checked  by  direct  readings 
of  the  load. 

Column  3  shows  the  values  obtained  by  the  method  sug- 
gested by  Mr.  W.  A.  Scoble.*  The  yield  point  thus  deter- 
mined is  given  by  the  point  of  intersection  of  those  two 
portions  of  the  stress-strain  curve  which  represent  respectively 
a  state  of  perfect  elasticity  and  of  great  flow.     This  method  of 

*  Philosophical  Magazine,  0th  Series,  vol.  xii.,  1906,  p.  537. 
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fixing  the  yield  point  is  indicated  by  the  dotted  lines  drawn 
in  Fig.  6. 

Column  4  gives  the  values  of  the  stress  at  which  the  slope 
of  the  curve  reaches  half  its  original  slope. 

Column  5  shows  the  value  of  the  yield  point  defined  as 
that  point  at  which  the  permanent  set   on  a   2 -inch   gauge 

Table  \^ .—  Yield  Points. 


Approximate 

Yield  Point  in  Tons  per  Square  I 

nch. 

No. 

Elastic  Limit, 

Tons  per  Sq. 

nc  . 

Autographic 

Scoble's 

Slope  of  Curve 

Permanent  Set 

Diagram. 

Method. 

half  initial  Slope. 

001  Inch. 

I. 

II. 

III. 

IV. 

V. 

IH 

7-2 

12-0 

11-7 

10-4 

12-2 

2H 

7-0 

12-4 

11-6 

10-8 

12-2 

3H 

8-0 

14-0 

13-2 

11-6 

13-8 

4H 

8-2 

14-8 

14T 

12-5 

14-8 

5H 

8-4 

14-8 

14-0 

12-4 

14-6 

6H 

6-8 

14-8 

14-1 

12-2 

14-5 

7H 

6-8 

14-0 

13-3 

10-8 

13-6 

8H 

8-0 

14-4 

13-2 

11-2 

13-7 

9H 

4-6 

9-0 

8-8 

7-2 

9  0 

10  H 

5-6 

10-6 

10-2 

8-3 

10-8 

1 

3-0 

6-4 

5-2 

2 

41 

8-8 

7-6 

6-4 

3 

4-4 

9-6 

8-0 

6-8 

4 

4-8 

9-6 

8-1 

6-8 

5 

4-8 

10-0 

8-2 

7-2 

6 

4-4 

9-2 

8-0 

7-4 

7 

4-4 

8-8 

7-7 

7  3 

8 

4-4 

8-0 

7-6 

6-6 

9 

3-0 

6-0 

5-4 

4-3 

61 

10 

3-2 

6-4 

6-0 

4-3 

6-8 

lA 

4-8 

3-7 

2-8 

4-4 

2A 

4-0 

2-8 

1-6 

3-8 

3A 

5-2 

2-8 

1-9 

3-8 

4A 

6-4 

4-4 

3-4 

4-9 

5A 

4-4 

3-3 

20 

4-5 

6A 

4-8 

3-6 

2-4 

4-8 

7A 

4  0 

2-8 

1-6 

4-4 

8A 

4-0 

3-2 

1-6 

4-5 

9A 

3-2 

2-5 

1-4 

3-2 

10  A 

5-2 

4-4 

3-2 

5-2 

length  amounts  to  O'Ol  inch.  This  point,  on  account  of  its 
inclusion  in  certain  Admiralty  and  other  Government  specifi- 
cations, is  sometimes  known  as  the  "  English  yield  point,"  and 
it  corresponds  fairly  closely  with  that  obtained  in  the  ordinary 
way  with  dividers. 

All  these  values  for  the   cold-drawn  alloys  are  plotted  in 
the  curves  shown  in  Fig,  7.     Similar  groups  of  curves  may 
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be  drawn  for  the  other  classes  of  material,  hot  rolled,  annealed, 
&c.  They  bring  out  very  clearly  the  fact  that  each  of  these 
methods  of  arbitrarily  fixing  a  yield  point  leads  to  relatively 
similar  results,  though  the  actual  values  differ  considerably. 

Definitions  based  on  the  slope  of  the  curve  are  unsatis- 
factory, because  in  this  case  the  change  of  slope  is  extremely 
gradual.  The  method  of  determining  yield  point  throughout 
the  tensile  tests  to  be  described  was  that  of  Mr.  Scoble.  His 
method  assumes  a  proportionality  of  stress  to  strain  not  only 
in  the  region  of  perfect  elasticity,  but  also  in  that  of  great 
flow.      The  latter  assumption  may  not  be  strictly  justified,  but 


f-  6  2  C  S 

Percentage  OF  N/CKEL 
CoPPBf).  £  PER  C£ffT  Copper  ^  pep  cer:? 

Fig.  7.— Yield  Points  of  Cold-drawn  Rods. 

a  point  is  thus  very  closely  determined  giving  a  value,  any 
probable  error  in  which,  as  Mr.  Scoble  points  out,  "  would  not 
be  greater  than  that  which  is  likely  to  arise  when  taking  a 
point  less  closely  defined." 

In  all  cases  the  value  obtained  from  the  autographic  diagram 
was  higher  than  that  obtained  by  the  extensometer  in  the 
way  described.  This  difference  was  smaller  for  cold-drawn 
rods,  in  which  the  yield  point  was  better  defined,  than  for 
the  hot-rolled  or  annealed  material.  The  "  permanent  set " 
definition  gave  results  which  approximate  more  nearly  to  those 
of  the  autographic  diagram,  but  this  method  of  determining 
yield  points  is  to  be  deprecated  in  connection  with  these  alloys 
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not  only  on  account  of  the  time  taken  in  completing  the  test, 
but  chiefly  because  of  the  marked  "  creeping  "  shown  by  them 
after  the  elastic  limit  has  been  exceeded. 


Summary  of  Tensile  Tests. 

The  results  of  the  tensile  tests  are  given  in  Tables  V.  to 
VITI.,  and  some  of  them  are  shown  graphically  in  Figs.  8,  9, 
and  10.  In  discussing  the  results  it  will  be  convenient  to 
group  together  alloys  containing  a  constant  percentage  of 
copper  with  increasing  nickel :  the  following  summary  there- 
fore refers  to  the  effect  of  nickel  on  the  mechanical  properties 
of  alloys  containing  0,  1,  2,  and  4  per  cent,  of  copper. 

Nickel- Aluminium  Alloys. 

By  the  addition  of  nickel  to  aluminium,  increased  maximum 
stress  and  yield  point  are  obtained  at  the  expense  of  elonga- 


Percentage  of  Nickel 

Fig.  8. — Tensile  Tests.     Nickel-aluminium  Alloys.     Chill  Castings. 

tion  and  reduction  of  area,  in  the  chill  castings  (Fig.  8),  hot- 
rolled,  cold-drawn,  and  annealed  rods. 
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Cop'per,  1  per  Gent. 

Only  the  cast  series  was  examined.  As  the  nickel  is 
increased,  the  alloys  show  higher  yield  point  and  tensile 
strength  with  simultaneous  diminution  of  elongation  and 
reduction  of  area. 

Copper,  2  fer  Gent. 

In  the  chill  castings  (Fig.  9),  hot-rolled  (Fig.  10),  and  cold- 
drawn  rods,  increased  percentage  of  nickel  results  in  a  higher 
yield  point  and  maximum  stress  with  a  smaller  elongation 
and  reduction  of  area.  The  same  applies  to  annealed  rods, 
but  in  this  case  the  yield  points  are  somewhat  irregular,  and 
the  tensile  strength  remains  practically  constant  until  3 "7  per 
cent,  of  nickel  is  reached,  increasing  when  the  percentage  of 
nickel  is  further  raised.  The  elongation  and  reduction  of 
area  show  a  perfectly  steady  fall  with  increase  of  nickel. 

Goyper,  4  -per  Cent.  * 

The  usual  diminution  of  elongation  and  reduction  of  area 
with  increased  percentage  of  nickel  is  in  this  series  accom- 
panied by  a  general  deterioration  in  properties,  which  seems, 
however,  to  be  arrested  at  about  3 "2  per  cent.,  after  which  the 
maximum  stress  remains  constant  or  improves.  This  applies 
to  the  metal  in  all  the  forms  in  which  it  was  examined, 
whether  as  castings,  hot-rolled,  cold-rolled,  or  annealed  rods. 

In  plotting  the  curves  in  Figs.  8  to  15  the  values  of  the 
mechanical  properties  of  pure  aluminium  and  of  the  copper- 
aluminium  alloys  are  taken  from  the  Eighth  Report  to  the 
Alloys  Research  Committee.  In  view  of  the  effect  produced 
on  these  light  alloys  by  varying  the  amount  of  work  put  on 
them  in  rolling,  the  1-inch  diameter,  hot-rolled  rods  of  the 
present  paper  are  compared  with  the  l|-inch  rolled  bars  of 
Messrs.  Carpenter  and  Edwards,  since  the  reduction  in  section 
from  the  original  billet  then  shows  approximately  the  same 
ratio  in  both  cases. 

Relative  Effect  of  Copper  and  Nickel  on  the  Mechanical  Pro- 
perties.— The  effect  of  increasing  the  percentage  of  copper 
while    nickel    is   kept    constant,   or   vice    versa,    is    shown    in 
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Fig,  10. — Tensile  Tests.     Copper  2  per  Cent.     Hot-rolled  Rods. 
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Figs.    11,    12,   and    13.     In    Fig.    11,   which    refers    to   chill 
castings,    the    tensile    strength    is    plotted    against    the    per- 
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Percentage  of  Copper 


Fig.  11.— Effect  of  Nickel  and  of  Copper  on  the  Tensile  Strength  of  Chill  Castings. 

cent  age   of  nickel   to   illustrate   the   effect   of   that  element ; 
while  a  second  series  of  curves  derived  from  the  same  data 


z  4 

Percentage  of  Nickel 


Percentage  of  Copper 


Fig.  12. — Effect  of  Nickel  and  of  Copper  on  the  Tensile  Strength  of  Hot-rolled  Rods. 

shows  the  influence  of  copper  on  alloys  containing  a  constant 
percentage  of  nickel.  The  deterioration  which  takes  place  in 
alloys  containing  more  than  2  per  cent,  of  nickel,  when  much 
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more  than   2   per  cent,  of  copper  is  present,  is  shown  very 
clearly  by  these  curves. 

Similar  curves  may  be  constructed  from  other  data  given 
in  the  tables.  For  example,  those  for  the  hot-rolled  rods  are 
shown  in  Figs.  12  and  13  ;  the  former  represents  tensile 
strengfth,  and  the  latter  elongation.  The  addition  of  nickel  to 
the  4  per  cent,  copper  alloy  results  in  a  general  deterioration 
of  the  properties,  while,  on  the  other  hand,  addition  of  copper 
to  4  per  cent,  nickel-aluminium  results  in  higher  tensile 
strength  without  midue  diminution  of  elongation  and  reduc- 
tion of  area.     Exactly  the  same  feature  is  displayed  in  Fig.  11  ; 
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Fig.  13. — Effect  of  Nickel  and  of  Copper  on  the  Elongation  of  Hot-rolled  Rods. 


addition  of  nickel  to  the  4  per  cent,  copper  alloy  immediately 
reduces  the  maximum  stress ;  addition  of  as  much  as  2  per 
cent,  of  copper  to  the  4  per  cent,  nickel  alloy  greatly  improves 
the  tensile  strength  of  the  original  material,  though  a  further 
addition  causes  deterioration. 

In  Figs.  14  and  15  the  tensile  strength  is  plotted  against 
the  toted  percentage  of  copper  and  nickel  for  the  hot-rolled 
rods  and  for  chill  castings.  The  curves  clearly  reveal  which 
of  the  two  is  the  predominating  partner  in  influencing  the 
mechanical  properties  of  aluminium.  If  the  two  metals 
exerted  an  equal  effect  the  tensile  strength  would  depend 
only  upon  the  total  percentage  of  copper  find  nickel,  or,  in 


128   Read  and  Greaves :  Properties  of  Some  Nickel- 

other  words,  would  depend  only  on  the  percentage  of  alu- 
minium, irrespective  of  the  relative  proportions  of  copper 
and  nickel  present.  This  is,  in  fact,  the  case  as  regards 
the  elongation  of  the  hot-rolled  material :  the  elongation 
plotted  against  total  percentage  of  copper  and  nickel  gives 
approximately   a   smooth   curve,  and   is   independent   of  the 


2^68 

Total  PERCEf^TAce  of  Copper  and  N/chel 

Fig.  14.— Relative  Effect  of  Copper  and  Nickel  on  the  Tensile  Strength  and 
Elongation  of  Hot-rolled  Rods. 


fO 


relative  proportions  in  which  these  metals  occur  in  the 
alloy.  In  general  the  elongation  of  the  chill  castings  is 
similarly  dependent  only  on  the  total  percentage  of  copper 
and  nickel.  The  only  two  marked  exceptions  (Nos.  27  and 
11)  give  a  slightly  better  elongation  than  the  corresponding 
binary  alloys. 

As   regards    the   tensile    strength    of   the    hot-rolled    rods 
(Fig.  14),  copper  clearly  exerts  the  more  powerful  influence 
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on  the  mechanical  properties.  In  the  case  of  the  chill  cast- 
ings (Fig.  15)  its  greater  influence  compared  with  that  of 
nickel  is  not  so  marked,  but  still  evident.  The  substitution 
of  2  per  cent,  or  in  some  cases  of  1  per  cent,  of  nickel  in 
a  nickel-aluminium  alloy  by  copper  appears  to  give  better 
results  than  the  replacement  of  the  whole  of  the  nickel. 


^  e  e 

Total  Percentage  of  Copp£/?  and  N/chel 

Fig.  15. — Relative  Effect  of  Copper  and  Nickel  on  the  Tensile  Strength  and 
Elongation  of  Chill  Castings. 

SiJecific  Tenacity. — It  will  be  seen  later  that  the  specific 
gravities  of  the  copper-nickel  aluminium  alloys  (within  the 
range  of  composition  examined)  are  independent  of  the  rela- 
tive proportions  of  copper  and  nickel  which  they  may  contain, 
and  bear  a  simple  relation  to  the  total  percentage.  Hence 
the  abscissae  in  Figs.  14  and  15  may  be  taken  to  represent 
specific  gravities,  and  a  comparison  of  the  strength  of  alloys 
of  equal  special  gravity  may  be  made  by  means  of  these 
curves. 
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In  comparing  the  properties  of  the  material  dealt  with  in 
the  present  research  with  those  of  other  well-known  light 
alloys,  use  may  be  made  of  Dr.  Rosenhain's  valuable  con- 
ception of  specific  tenacity,  defined  as 

Ultimate  stress  in  tons  per  square  inch 
Weight  of  1  cubic  inch  in  lbs. 

The  specific  tenacities  of  the  alloys  examined  are  given  in 
Table  IX.,  which  also  includes  for  purposes  of  comparison  the 
values  for  other  typical  light  alloys  taken  from  the  8th,  9th, 
and  10th  Reports  to  the  Alloys  Research  Committee. 


Table  IX. — Specific  Tenacity. 


No. 

Composition. 

Specific  Tenacity. 

Copper 
per  Cent. 

Nickel 
per  Cent. 

Chill 
Castings. 

Hot  Rolled. 

Cold  Drawn. 

1 
2 
3 

4 

5 
6 

7 
8 

2-00 
1-97 
2  13 
2-10 

112 
2-22 
3-74 
.5-33 

97 
100 
107 
124 

116 
121 
128 
139 

143 

136 
148 
162 

4-07 
413 
4-07 
4-08 

1-12 
2-16 
3-21 
4-30 

106 
102 

92 
108 

141 
134 

125 
127 

164 
159 
148 
159 

102 
123 

9 
10 

1-87 
4-31 

74 
88 

82 
99 

Cu-Al      .    1 

1-90 
3-76 

82 
116 

110 
204 

150 
242 

Cu-Mn-Al  1 

2-06 
2-89 

Mnl-94 
0-94 

92 

120 

162 
156 

Zn-Al       .    \ 

Zn  5-2 
1.50 
26  0 

70 
109 
152 

74 
152 
231 

97 
153 

Effect  of  Casting  Temperature. — Actual  measurements  of  the 
casting  temperature  were  not  made,  but  the  effect  of  pouring 
at  too  high  a  temperature  is  very  marked  in  the  case  of  these 
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alloys.  A  pair  of  chill  castings,  which  were  known  to  have 
been  cast  too  hot,  were  tested,  and  afterwards  remelted,  poured 
at  as  low  a  temperature  as  possible,  and  again  tested.  The 
results  are  given  in  Table  X.  (alloy  No.  Oil  having  been 
poured  too  hot),  and  illustrate  the  deleterious  effect  of  a  high 
casting  temperature. 

Table  X. — Effect  of  Casting  Temperature. 


No. 

Composition. 

Yield  Point. 

Maximum 

Stress. 

Tons  per 

Square  Inch. 

Elongation 

per  Cent. 

on  2  Inches. 

Reduction 

of  Area  per 

Cent. 

Copper  per      Nickel  per 
Cent.               Cent. 

Tons  per 
Square  Inch. 

Oil 
11 

2  04                 111 

2-8 
30 

7-50 
9-70 

7-0 
20-6 

9-9 
24-6 

Ufect  of  Heat  Treatment. — Annealing  the  rods  of  rolled  metal 
has  the  usual  effect  of  reducing  tensile  strength  and  yield 
point  and  improving  elongation  and  reduction  of  area.  The 
yield  points  of  the  annealed  rods  are  still  more  uncertain  than 
those  of  the  rolled,  as  a  glance  at  the  curves  in  Fig.  6  will 
show :  the  material  takes  on  a  permanent  set  almost  from  the 
smallest  loads. 


Table  XI. — Tensile  Tests.     CTiiJl  Castings,  Annealed  and  Quenched. 


No. 

Composition. 

Yield  Point. 

Tons  per 
Square  Inch. 

Maximum 

Stress. 

Tons  per 

Square  Inch. 

Elongation 

per  Cent. 

on  2  Inches. 

Reduction 

of  Area  per 

Cent. 

Copper  per 
Cent. 

Nickel  per 
Cent. 

14  C 
14  CQ 
MCA 

1-99 

5-27 

4-6 
3-8 
3-6 

4-4 
3-6 
3-5 

12-78 
11-24 
10-82 

5-7 
5-7 
5-7 

4-4 
3-4 
5  0 

7-4 
8-3 
8-0 

18  C 
18  CQ 
18  CA 

4-04 

4-36 

11-21 
10-09 
10-34 

5-0 
50 
6-4 

The  effect  of  annealing  and  quenching  on  the  chill  castings 
is  shown  in  Table  XL      A  similar  reduction  in  tensile  strength 
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is  produced  by  either  treatment,  and  this  is  not  accompanied 
by  any  increase  in  elongation  and  reduction  of  area.  The 
conclusion  that  the  properties  of  these  alloys  are  unaffected 
by  quenching  is  confirmed  by  determinations  of  the  hardness 
of  annealed  and  quenched  specimens  of  the  rods. 

Effect  of  Additional  Work, — The  results  obtained  from  test 
pieces  of  the  i-inch  diameter  hot-rolled  rods  (Table  XII.) 
indicate   that   the   additional    mechanical   work   is   beneficial 

Table  XII. — Tensile  Tests.     Hot-rolled  Rods,  l-inch  Diameter. 


No. 

Composition. 

Yield  Point. 

Tons  per 
Square  Inch. 

Maximum 

Stress. 

Tons  per 

Square  Inch. 

Elongation 

per  Cent. 

on  2  Inches. 

Reduction 

of  Area  per 

Cent. 

Copper  per 
Cent. 

Nickel  per 
Cent. 

9 
10 

1-87 
4-31 

60                 879 
6-9                10-31 

20-8 
24-2 

60-0 
56-3 

1 
2 
3 
4 

2-00 
1-97  . 
213 
2-10 

'        112 
2-22 
3-74 
5-33 

6-5 
7  0 
8-2 
6-5 

11-85 
10-52 
12-40 
12-42 

12-91 
12-82 
1197 

11-56 

22-5 
28-8 
150 
25  0 

29-1 
21-9 
24  5 
22-5 

56-3 
570 
37-5 
49-5 

5  '         4-07 

6  413 

7  4-07 

8  i         4-08 

1-12 
2-16 
3-21 
4-30 

6-5 
6-0 
6-5 
6-3 

55-1 
44-8 
45-7 
38-7 

to  the  nickel-aluminium  alloys  containing  up  to  4*3  per 
cent,  of  nickel.  Both  the  alloys  examined  show  a  general 
improvement  on  the  1-inch  rods.  No  decided  evidence  is 
furnished  by  the  results  for  the  |-inch  rods  of  the  copper- 
nickel -aluminium  alloys.  Comparing  them  with  the  corre- 
sponding 1-inch  rods,  rolled  and  annealed,  it  appears  probable 
that  the  variations  observed  may  all  be  explained  by  possibly 
different  finishing  temperatures,  though  in  every  case  there 
was  a  marked  improvement  in  the  reduction  of  area. 


Elastic  Peoperties  of  the  Alloys. 

The  extensometer  readings  provide   data   for  the  approxi- 
mate determination  of  Young's  modulus  for  the  cold-drawn 
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material.  The  extensions  were  measured  on  a  2-incli  gauge 
length,  so  that  a  high  degree  of  accuracy  cannot  be  claimed. 
The  mean  values  obtained  are  given  in  Table  XIII. 

Table  XIII. — Elastic  Propei-ties  of  ^-inch  Cold-drawn  Rods. 


Composition. 

No. 

Elastic  Limit. 
Tons  per 

Elastic  Modulus. 
Lbs.  per 

Copper 

Nickel 

Square  Inch. 

Square  Inch. 

per  Cent. 

per  Cent. 

9 

1-87 

4-6 

9-4x106 

10 

4-31 

5-6 

9-4      ,, 

1 

2-00 

1-12 

7-2 

9-7xl0« 

2 

1-97 

2-22 

7-0 

9-8      ,, 

3 

213 

3-74 

8-0 

9-7      „ 

4 

2-10 

5-33 

8-2 

9-9      .. 

5 

4-07 

112 

8-4 

9-8x106 

6 

413 

2-16 

6-8 

9-9      ,. 

7 

4-07 

3-21 

6-8 

9-2     ,, 

8 

4-08 

4-30 

8-0 

9-8      ,. 

The  elastic  limits  increase  with  the  nickel  content  in  the 
nickel-aluminium  alloys  and  in  the  2  per  cent,  copper  series, 
but  in  the  4  per  cent,  copper  series  no  such  increase  was 
found.  The  elastic  moduli  are  practically  constant  through- 
out, and  have  an  average  value  of  about  9 "7  X  10®  compared 
with  9  X  10®  for  the  aluminium-zinc  alloys  and  about  lO'o  x  10® 
for  the  useful  copper-manganese-aluminium  alloys.  The 
modulus  of  elasticity  of  the  metal  in  the  hot-rolled  state 
appears  to  be  not  very  different  from  its  value  for  the  cold- 
rolled  material. 


Alternating  Stress  Tests. 

The  authors  are  indebted  to  Professor  Arnold  for  carrying 
out  these  tests  on  specimens  of  the  hot-rolled,  annealed,  and 
cold-drawn  rods.  The  results,  obtained  under  standard  con- 
ditions on  the  Arnold  machine,  are  given  in  Table  XIV. :  the 
results  for  the  annealed  rods  are  shown  graphically  in  Fig.  16. 
The  texture  of  the  aUoys  was  very  even,  and  the  duplicate 
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tests  agreed  closely.  The  final  rupture  in  almost  every  case 
took  place  in  a  line  coincident  with  the  horizontal  zero  of 
stress  in  the  plane  of  maximum  stress.  The  fractures  of  the 
cold-drawn  rods  (which  gave  low  results)  were  quite  satis- 
factory, and  showed  no  signs  of  hollow  drawing. 

Increase  in  the  total  percentage  of  copper  and  nickel  in 
general  results  in  a  diminished  resistance  to  alternating  stress. 
In  the  annealed  series  the  number  of  alternations  endured 


I7S 


Z  'h  6 
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Fig.  16. — Arnold  Alternating  Stress  Tests  on  Annealed  Rods. 


depends  only  on  the  total  percentage  of  copper  and  nickel,  pro- 
vided that  this  does  not  exceed  6  per  cent.  Unfortunately 
no  record  of  the  results  of  this  test  on  copper-aluminium  or 
copper-manganese-aluminium  alloys  has  been  published,  so 
comparisons  cannot  be  made.  The  actual  values  obtained 
vary  from  about  5-  to  f  that  of  a  good  acid  Siemens'  steel 
with  0*26  per  cent,  of  carbon;  and  they  are  better  than  those 
obtained  with  the  zinc-aluminium  alloys,  which  varied  from 
94  to  4 7 J. 
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Hardness  Tests. 

The  hardness  of  the  alloys  under  different  conditions  of 
mechanical  and  thermal  treatment  l;ias  been  determined  both 
by  the  Shore  Scleroscope  (using  the  "  magnifier "  hammer) 
and  by  the  Brinell  method.  The  specimens  tested  were 
cylinders  about  1  inch  high  and  1  inch  in  diameter  with 
polished  surfaces.  They  were  cut  from  the  same  rods  as  the 
tensile  test-pieces,  and  had  therefore  received  precisely  the 
same  thermal  and  mechanical  treatment.     The  Brinell  tests 


2  « 

PERCENTACe  OfN/CHEL 

Fig.  17.  — Hardness,  Brinell,  and  Scleroscope  Tests  oa  Chill  Casting's. 

were  carried  out  according  to  the  standard  conditions,  usinf  a 
10  millimetre  ball  under  a  load  of  1000  kilogrammes,  the 
pressure  being  applied  for  one  minute. 

The  hardness  numbers  were  calculated  as  follows : 

Load  in  kilogrammes 
Spherical  area  of  the  concavity  in  square  millimetres 

The  results,  which  are  given  in  Table  XV.,  do  not  call  for 
any  comment,  as  the  curves  of  hardness  follow  those  of 
maximum  stress  and  yield  point.  In  each  series  with  a 
constant  percentage  of  copper  the  hardness  number  is  greater 
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the  higher  the  nickel,  with  the  exception  of  the  series  of 
annealed  rods  containing  4  per  cent,  of  copper,  in  which  the 
hardness  remains  practically  constant  with  increasing  per- 
centage of  nickel.  The  hardness  numbers  for  chill  castings 
are  plotted  in  Fig.  17.  It  was  concluded  from  the  results  of 
tensile  tests  that  quenching  had  an  exactly  similar  effect  on 
these  alloys  to  that  of  annealing.  This  is  confirmed  by  the 
comparison  in  Table  XVI.  of  the  hardness  of  the  annealed 
rods,  and  that  of  the  same  material  quenched  and  tested 
immediately  after  quenching. 

Table  XVI. — Hardness  of  Quenched  Alloys. 


No. 

Composition. 

Brinell  Hardness  Number. 

Copper 
per  Cent. 

Nickel 
per  Cent. 

Annealed 
Rods. 

Quenched 
Rods. 

9 

1-87 

28 

25 

2 

1-97 

2-22 

36 

37 

6 

4  13 

2-16 

40 

40 

Specific  Gravities. 

The  specific  gravities  of  the  alloys  in  the  form  of  chill 
castings,  annealed,  and  cold-drawn  rods  are  given  in  Table 
XVII.  and  shown  graphically  in  Fig.  18.  The  specific  gravity 
appears  to  be  a  linear  function  of  the  total  percentage  of 
copper  and  nickel  present,  the  densities  of  these  two  metals 
being  almost  the  same,  but  it  is  not  an  additive  property,  and 
is  slightly  lower  than  that  calculated  from  the  densities  of 
the  constituent  metals.  The  following  formula  very  satis- 
factorily represents  the  specific  gravity  of  all  the  alloys  dealt 
with  in  the  present  research  in  the  form  of  chill  castings 
and  annealed  rods,  the  value  for  both  these  forms  being 
almost  identical.  If  p  =  the  sum  of  the  percentages  of  copper 
and  nickel, 

Specific  gravity  =  2 "703  +  0 "020/  in  grammes  per  cubic  centimetre, 
or  =  lB8"7  +  l"25/  in  lbs.  per  cubic  foot. 
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The  satisfactory  agreement   between  the    specific  gravities 
found,  and  those  calculated  by  the  formula  given,  is  shown  in 

2  90 


PERCE/^r/1G£  OFNICHEL  PERCENr/fG£  OF  COPPER 

Fig.  18. — Specific  Gravity  of  the  Cast  Alloys. 

Table  XVIII.,  where  it  will  be  seen  that  the  greatest  difference 
does  not  amount  to  as  much  as  1  part  in  300. 

Table  XVIII. — Calculated  Specific  Gravity. 


Difference  between  Specific 

Total  Percentage 

of 
Copper  and  Nickel 

Specific  Gravity 

Gravity  Calculated  and  Found. 

No. 

Calculated 

(2-703 +  0-020;)). 

Chill  Castings. 

Annealed  Rods. 

23 

111 

2-725 

nil 

9 

1-87 

2-741 

-0-004 

-0-005 

25 

3-38 

2-771 

+  0-002 

10 

4-31 

2-789 

-0-005 

-6-008 

26 

5-52 

2-813 

+  0-004 

1 

3-12 

2-765 

+  0-001 

nil 

2 

4-19 

2-787 

nil 

+  0-003 

3 

5-89 

2-821 

+  0-003 

+  0-002 

4 

7-43 

2-852 

-0-001 

-0  003 

5 

519 

2-807 

+  0-007 

+  0-002 

6 

6-29 

2-829 

-0-001 

+  0-002 

7 

7-28 

2-849 

-0-002 

+  0-004 

8 

8-38 

2-871 

+  0-001 

+  0-002 

I 


The  first  term  of  the  formula  (2-703)  is  the  value  of  the 
density  (compared  with  water  at  4°  C.)  of  cast  aluminium  of 
the  same  purity  as  that  used  in  the  present  research,  as  deter- 
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mined  by  Brislee.*     He  found  very  nearly  the  same  value  for 
the  metal  annealed  after  working. 

Melting  Points. 

The  melting  points  of  a  number  of  the  alloys  were  determined 
with  a  thermo-electric  couple  and  a  direct  reading  millivolt- 
meter.  The  results  are  tabulated  in  Table  XIX.,  and  shown 
graphically  in  Fig.  19.  Within  the  limits  of  composition  of 
the  alloys  examined  the  melting  point  is  lowered  as  the  total 
percentage  of  copper  and  nickel  is  increased,  the  influence  of 
the  nickel  being  more  marked  as  the  copper  increases,  and 
vice  versa. 

The  results  seem  to  indicate  the  formation  of  a  ternary 
eutectic,  a  conclusion  in  agreement  with  the  microstructure 
of  the  alloys. 

Conductivity  for  Electricity. 

The  conductivities  of  a  number  of  alloys  similar  to  those 
dealt  with  in  the  present  paper  have  been  determined  by 
Professor  E.  Wilson  "}*  in  connection  with  his  researches  on  the 
variation  in  resistance  undergone  by  aluminium  and  various 
light  alloys  of  aluminium  with  copper,  nickel,  manganese,  and 
other  metals.  Professor  Wilson  exposed  hard-drawn  wires  of 
known  conductivity  to  the  atmosphere  on  the  roof  of  King's 
College,  London,  and  determined  their  resistance  at  intervals. 
The  following  figures  are  taken  from  his  results : 


Alloy. 

Composition. 

Specific 

Resistance 

at  15°  C. 

(ohmsxlO-S) 

Percentage 
Variation  of 

Electrical 
Resistance  in 
Two  Years. 

Copper 
per  Cent. 

Nickel 
per  Cent. 

Silicon 
per  Cent. 

Iron 
per  Cent. 

Al      .     . 

{ 

o-ii 

0-14 
0-31 

0-31 
!      0-37 

2-76 
2-92 

Not  exposed 
1-69 

( 

1-58 

0-38 

0-25 

3-34 

5-33 

Cu-Al  .     . 

\ 

1-86 

0-40 

0-31 

3-25 

6-84 

\ 

2-61 

0-40 

0-40 

3-34 

10-15 

Ni-Al.     . 

\ 

0-05 

0-75 

0-37 

0-25 

3-05 

1-96 

0  09 

119 

0-35 

0-29 

3-24 

2-22 

Fe-Ni-Al 

0-06 

2-25 

0-37 

1-10 

318 

1-78 

Cu-Ni-Al 

1-08 

1-29 

0-37 

1      0-43 

3-41 

2-48 

*   Transactions  of  the  Faraday  Society,  1913,  vol.  ix.  p.  162. 
t  Report  of  the  British  Association,  1903  ;  Electrician,  1903,  p. 
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Table  XIX. — Melting  Points. 


660 


650 


I 
I 


6^0 


630 


620 


610 


0  2^6 

P£PCENT/IG£  OF/\f/Cf(ei 


2^6 

PEPC£Nrm£  OF  Copper 


Copper  constant:  nil,  1,  2,  and 
4  per  cent,  respectively. 

Fig.  19, 


Nickel  constant :  nil,  ],  2,  and 
4  per  cent,  respectively. 

Melting  Points. 


Composition. 

No. 

Melting  Point. 

Copper.                           Nickel. 

1 
Per  Cent.            j            Per  Cent. 

Degrees  C. 

23 

... 

111 

652 

24 

2-22 

647 

25 

3-38 

643 

26 

5-52 

637 

27 

1-01 

1-10 

649 

28 

1-00 

218 

646 

29 

1-03 

4-03 

640 

30 

102 

5-51 

636 

1 

2-00 

1-12 

647 

2 

1-97 

2-22 

645 

3 

2  13 

3-74 

637 

4 

210 

5-33 

632 

"5 

4-07 

112 

641 

6 

4-13 

216 

638 

7 

4-07 

3-21 

632 

8 

4-08 

4-30 

619 

I 
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It  will  be  seen  that  the  introduction  of  a  small  quantity  of 
copper  or  nickel,  say  1  per  cent.,  causes  a  very  considerable 
increase  in  the  specific  resistance  of  aluminium,  after  which 
further  addition  has  very  little  effect.  As  regards  variation 
in  resistance,  the  copper-aluminium  alloys  were  found  to 
deteriorate  very  rapidly,  while  the  nickel-aluminium  alloys 
occupied  a  high  position. 

Table  XK.— Electrical  Conductivity  at  13°  C.±2°. 


Composition. 

Conductivity. 

No. 

Specific 
Resistance 

Copper 

Nickel 

(ohms  X 10-6). 

Aluminium 

Copper 

per  Cent. 

per  Cent. 

i 

=100. 

=  100. 

9 

1-87 

2-96 

93-2 

55-6 

10 

... 

4 -.31 

!           319 

86-5 

51-6 

Tr.  1 

0-99 

0-90 

:           3-22 

85-7 

51-2 

Tr.  3 

1-03 

3-04 

'           3-34 

82-6 

49-4 

1 

2-00 

1-12 

i           3-28 

841 

50-3 

Tr.  7 

3  05 

1-00 

3-42 

80-7 

48-3 

5 

4-07 

1-12 

1          3-32 

831 

49-7 

6 

413 

216 

■           3-55 

77-8 

46-5 

The  results  given  in  Table  XX.  were  obtained  with  wires 
made  as  described  under  "wire-drawing,"  and  subsequently 
annealed  by  heating  to  450°  C.  in  a  muffle  and  cooling  in  air. 
The  resistances  were  measured  by  comparison  with  a  carefully 
standardized  0*1  ohm  coil,  by  the  "fall  of  potential"  method. 
The  values  of  the  specific  resistances  are  given  in  microhms 
(ohms  X  lO"*),  and  the  percentage  conductivity  of  each  member 
of  the  series  relative  to  that  of  pure  copper  and  of  pure  alumi- 
nium at  the  same  temperature  is  also  recorded. 


Corrosion  Tests. 

Plates  of  metal  having  approximate  dimensions  2  X  1  X  0*15 
inch  were  tested  both  in  the  cold-rolled  and  annealed  condi- 
tions. The  annealed  plates  had  been  heated  in  a  muffle  to 
450°  C.  and  cooled  in  air.  The  arrangement  used  for  these 
experiments  was  the  same  as  that  previously  described  by  one  of 
the  authors.*     Each  plate,  after  being  polished  and  thoroughly 

*  Journal  of  the  Institute  of  Metals,  No.  2,  1913,  vol.  x.  p.  360. 
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cleaned,  was  weighed  and  suspended  from  a  glass  hook  at- 
tached to  a  piece  of  wood,  which  rested  on  the  edges  of  a 
porcelain  tank.     At  the  end  of  the  tests  the  plates  were  care- 
fully cleaned,  dried,  and  weighed.     For  purposes  of  comparison, 
plates  of  aluminium  were  included.     One  pair  of  these  was 
made  from  a  piece  cut  from   the   original   ingot   aluminium 
used   in   this   research,  and    subsequently  forged,  rolled,  and 
annealed.     The  other  pair  was  prepared  from  the  same  mate-      1 
rial  after  remelting  under  the  same  conditions  as  the  alloys 
examined.     In  this  way  any  corrosion  due  to  chemical  changes 
which  had  occurred  during  melting,  such  as  the  possible  for- 
mation of  aluminium  carbide,  would  have  been  detected.     As       5 
a  matter  of  fact,  the  behaviour  of  the  two  pairs  was  almost       .' 
identical,  the  difference,  if  any,  being  in  favour  of  the  remelted 
aluminium. 

In  connection  with  these  tests  it  may  be  remarked  that  the 
loss  of  weight,  given  in  the  accompanying  table,  must  not  be 
taken  as  a  strict  measure  of  the  amount  of  corrosion  under-  | 
gone  by  the  metal.  In  some  cases  the  corrosion  was  general, 
but  in  the  case  of  many  of  the  alloys  the  action  was  localized, 
and  more  or  less  severe  pitting  was  observed.  To  form  a  cor- 
rect judgment  of  the  extent  of  the  corrosion  the  figures  must 
always  be  regarded  in  the  light  of  the  accompanying  descrip- 
tion of  the  condition  of  the  surface  of  the  plate. 

Fresh-water  Tests. — The  extent  of  the  corrosion  of  aluminium 
and  its  alloys  by  fresh  water  is  very  largely  dependent,  as 
pointed  out  by  Bailey  *  and  others,  on  the  amount  of  dissolved 
oxygen  in  the  water.  Aluminium  alloys  immersed  in  still 
water  for  any  considerable  period  will  greatly  diminish  the 
quantity  of  dissolved  oxygen.  In  these  tests  a  gentle  stream 
of  tap- water  was  kept  flowing  through  the  tank  for  125  days, 
and  the  alloys  were  suspended,  with  their  upper  surfaces  im- 
mersed to  a  depth  of  about  1  inch,  so  that  an  adequate  supply 
of  oxygen  was  ensured.  The  plates  were  taken  out  and  gently 
rubbed  once  a  fortnight.  The  tap- water  was  "  soft "  and  of 
high  quality ;  its  chemical  composition  is  given  on  the  follow- 
ing page. 

*  Journal  of  the  Institute  of  Metals,  No.  1,  1913,  vol.  ix.  p.  79. 


Plate  IV 


No.  1. 

Copper,  4-08  per  cent.  ;  Nickel,  4-30  per  cent. 

Cast.     Magnified  150  diameters. 


No.  2. 

Copper,  4-08  per  cent.  ;  Nickel,  4.30  per  cent. 

Annealed  Rod.     Magnified  150  diameters. 
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Copper,  2'10  per  cent.  ;  Nickel,  5'33  per  cent. 
Cast.     Magnified  3.50  diameters. 


No.  4. 
Copper,  4-OH  per  cent.  ;  Nickel,  430  per  cent- 
Cast.     Magnified  3.50  diameters. 
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No.  5. 


No.  fi. 


Copper,  210  percent.  ;  Nickel,  533  per  cent.    Copper,  4'08  per  cent.  ;  Nickel,  430  per  cent. 
Cold-drawn  Rod.     Magnified  75  diameters.     Cold-drawn  Rod.     Magnified  75  diameters. 

Direct  illumination  used  in  all  above  cases  ;  also  as  an  etching  medium  a  Vd per  cent,  solution 
of  caustic  soda.     All  photomicrographs  reduced  Id  per  cent,  in  reproduction. 
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Grains 
Constituent.  per  Gallon. 

F"ree  ammonia 0"0007 

Aluminoid  ammonia        .....     0'0035 

Silica 0-035 

Ferric  oxide     .         .         .         .         .         .         .     0'07 

Sodium  chloride     ......     0'68 

Magnesium  chloride       .....     0"25 

Magnesium  carbonate    .         .         .         .         .     0'36 

Calcium  sulphate    ......     0"58 

Calcium  carbonate 215 

The  results  of  the  tests  are  given  in  Table  XXI.  The 
nickel-aluminiiim  alloys  suffered  only  very  slightly  from  their 
exposure  to  this  very  pure  tap-water.  This  confirms  the  con- 
clusion of  Guillet,*  who  pointed  out  that,  contrary  to  the 
generally  received  opinion,  alloys  with  1  and  3  per  cent,  of 
nickel  were  only  very  slightly  attacked  by  distilled  water  and 
by  river  water  from  the  Seine.  Plates  of  copper-nickel-alurai- 
nium  alloys,  on  the  other  hand,  were  considerably  affected, 
and  here  in  many  cases  the  figures  are  probably  misleading  as 
to  the  relative  effect  of  corrosion.  In  all  cases,  plates  contain- 
ing the  higher  total  percentages  of  nickel  and  copper  became 
quickly  covered  with  a  thick  but  loosely  attached  gelatinous 
deposit  of  hydrated  alumina,  and  this  no  doubt  served  to  pro- 
tect them  in  the  circumstances  of  the  test.  As  already  indi- 
cated, this  deposit  was  removed  only  about  once  a  fortnight, 
whereas,  if  the  alloys  had  been  subjected  to  a  continuous 
scrubbing  action,  such  as  that  produced  by  running  water,  or 
the  more  severe  scouring  action  of  the  air  on  motors  and 
aeroplanes,  it  is  probable  that  relatively  the  corrosion  would 
have  been  considerably  increased.  The  appearance  of  these 
alloys  also  suffered,  as  they  became  almost  perfectly  black 
after  about  three  months'  immersion,  on  account  of  the  removal 
of  aluminium  from  the  surface.  The  alloys  with  less  nickel, 
on  the  other  hand,  retained  a  dull,  frosted  surface,  and  corro- 
sion was  more  general,  though  indications  of  local  action  were 
present. 

Sea-vxiter  Tests. — The  sea-water,  which  was  obtained  from 
a  bay  in  the  Bristol  Channel,  was  changed  every  fortnight,  and 
at  the  same  time  the  plates  were  taken  out  and  gently  rubbed. 

*  Revzie  de  Metallurgies  1913,  vol.  x.  p.  772. 

K 


146    Read  and  Greaves :  Properties  of  Some  Nickel- 


-a?" 

---     U 

10  <M  i-t  t^OO 

10  0>  to  10  rH 

OOO 

10  "* 

o  ^ 

COCO  IM  N  1-1 

lO  CO  CO  COCO 

03 

G 

rt 

^ 

o 

J3 

"d 

o 

a> 

_aj 

rH 

o. 

£ 

rt 

(M  W  Irt  05  10 

TfOOOS  ©  5C 

t-© 

CO  CO 

C 
c 

fO  <M  N  M  IM 

10  coco  •*  CO 

iH 

o 

< 

o 

U* 

0) 

1m 

C3 

2'S 
^1 

•^  rH  iM  CO  C<) 

c^eo  C5    :t- 

-f-© 

0© 

i-H  i-H  ^  IM  CO 

1-H  C<1  rH       :rH 

IM  rH 

Oi 

C 

■§ 

ci 

-d 

^ 

o 

73 

15 

0    :  10  0  (M 

©  CO  rH  t^-* 

'HOO 

IM© 

(U 

.  1— 1  r-H  i-l 

iH  rH  rH  Cq  eq 

N  rH 

tH 

X! 

'53 

c 
c 
< 

c 

"^ 

0  CO  0  t~  t- 

00  »0  't*  rH  CO 

t~co 

000 

•0*0 

iO  CO  c;  — J  »o 

CO  0  <0  0  CO 

cog 

IM  l-H 

o 

^  1) 

i-H  r-l  0  I-H  0 

ri^    T^    T-^    7-t    T^ 

0  © 

o  s 

0  0  c  0  0 

OOO©© 

©  © 

J 

^ 

o 

1 

U  o 

0  p  p  0  0 
©bbbo 

©  p  p  0© 

p© 
bb 

9P 
bb 

c 
o 

X! 

s 

a> 

•d 

CO  rH  ?0  CO  CO 

OS  IM  OilM  •*! 

©  10 

Tj<  ■<!)< 

Ui 

(U 

COfHONO 

(M  ©  0  t^in 

CO  M" 

rH  rH 

u 

a. 

fe 

13 

.-1  rH  T-l  .-1  i-H 

(M  -HrH  rH  rH 

©  © 

<L) 

00000 

0  ©  ©  ©  © 

0  © 

C 

(Z:<P'p<p<Z> 

(^  tp  <Z>  rZ) 'Z> 

p  p 

op 

B 

hi  0  rZi  (^  h> 

h>  <z>  b>  h  h 

bb 

bb 

o 
o 

< 

fc 

u 

k^ 

rt 

cn  t^  0  cn  00 

©  t-CO        CO 

■*  <M 

rH  05 

a 

S'B 

10  -r  lo  05  CO 

ira  05  00      t~ 

©  -1< 

-f  CO 

cr 

0  0  0  0  rH 

©  0  0    •© 

l-H  © 

©  0 

0:=: 

00000 

00©    :© 

©O 

O'  0 

:-^ 

UO 

b  b  0  ©  © 

c><p<p      p 
b  b©      b 

©p 

bb 

sp 
b  b 

a 

OJ 

J 

rt 
^ 

01 

00        'f'COO 

10  CO  =D  00(N 

N  t- 

0  f 

CO      to  ■*  10 

•*  10  ■*  rH  © 

05  t^ 

f  (N 

Is 

0      -OOO 

©OOrHrH 

0© 

0  © 

OJ 

0    :oo© 

©  0  ©  ©  0 

©  © 

©  © 

::: 

©      0  p  p 

<p  'Z>0'Z>G> 

p  p 

©  © 

B 
< 

b      hb>b> 

hhhhbi 

bb 

hb, 

■^  s 

.•d 

cq  iM  T}.  CO 

IMaSiH© 

IMlO 

^  1) 

13 

-3U 

:  iH  N  t-  CO 

:rH  rH  irq  CO 

Tfi  (M 

"^■i? 

O 

2  53 

"iHiNcbib 

■.H  ijq  ^  4)< 

^oq 

si 

"in 

a. 

O 

a 

S 
o 

0       "H 

JJ  a 

Q-rt 

pper 
Cent. 

©  0  t^  CO  © 

0  t-co  t^oo 

u 

P  P  P  rH  rH 

':~  Pv' "?  P 

0  =^ 

0   w. 

,H  (fq  th  c<i  0^ 

CO  Tj<  T»<  Tt<  -^ 

©    0) 

U  i> 

CU 

0 

y-< 

(MCO 

— -,-^ 

d 

C^iH  IMCO  ■* 

5^  10©  t~co 

CO  CO 

"— '^ 

Z 

h" 

Ch 

H    - 

< 

Alwninium  and  Copper- Nickel- Aluminium  Alloys  147 


J-            N     C    " 

^           o 
S        0)  "*  o 

•a 
S 

■c  5 

4)  ^ 

a        =   1^   g   Ci 

^    1  c .  s  e 

5  "  S.*^  M  bo 

C 
to 

D 
"1 

*c 

rt 

CO           j3    ,n 
CO            3^ 

rt 

1) 

"^  c  "  a].5  fe 

^  ^  ra  X  t.  j:^ 

^ 

to 

p 

3 

m           ■"'in 

-D 

£ 

3 

-a 

0) 

p 

o 

o 

S 

D  c  1)  .i!  W)  (u  1) 

(U 

13   I-           <"   3 

(U 

u 

cj  •  r:  u   c  '.^  s  u 

CJ 

<A           u  o 

u 

o 

pj  ti  r;            c  rt 

oi 

lis  .  -  c:   i/i  u-   n  C! 

!-   D.  i-   ni   O   in   ^ 

t- 

^ 

J2 

3         3   "   "   'n   3 

3 

~.S            3  "^ 

3 

3 

WW                    W 

W 

72          73 

73 

73 

5 

, — ' — .. ' . 

^ '                 N 

7\          >^ 

U          1-1 

b    3-5  Si 

rt 

« 

t;       aj      ^ 

a>       "iri  p  rt 

•a 

^    -°     ^      S 
.5    H?     S-.2 

£ 

>          — ^     ■-    CJ 

o 

&•  ^      -■'S2 

■q. 

r:r~ 

^  J?     •§)a>. 

>< 

^   0)     .   rt    o 

^ 

-"    "O        3  1)  ri 
J3       <U          O  "O  ^ 

S 

.bfl 

o 

o 

3 

,^  ■*->   in  ^  ^ 

5 

1  -sjll- 

.  o  u^  t:!^ 

1;;    o.S  ot3  S 

C 

•a 

1 

<: 

rt 

-■a  .»-:=!  o 

rt 

ra 

•a 

2  -S  d  o  S 

cJ   in     ■■  o   Q. 

■c    ^  u  -  -  = 

o 

T3 

o 
3 

"1  « 
o  E 

o     -S-S  a;  >^2 

(U 

.1      c'^^S-i 

<£2 

t-<c  o2  t^.H 

u 

2  > 

h;    5  oj'h«  o 

'— 

^ 

o  Ji 

3    «i?       3      r ) 

3 

:g     ^ 

3 
73 

U 

, ' ./ ' V 

'                    "^ 

' 

N 

"S      g 

.    (M(M     -*eo 

ffl  ^  i-l  o 

N  >ft 

oU 

:      rH  C^      t-  00 

T^tr-l  N  CO 

Tf  M 

c" 

Z  s 

"    ,U  N    CO  lb 

i^  NM  -^ 

.HIN 

o 

a. 

% 

o 

a, 

T3 

C 

S 

d 

o 

J-"  ti 

7^ 

U 

^§ 

o    o  t;^   ceo 

._ 

t>.  CO  t^  X 

s 

So 

t^ 

o^oo 

O   u 

,U    N,^    wi^ 

CO 

■^-i<^-1< 

3 

^S. 

6 

3 

< 

o 

.-H 

(M  CO 

d 

5 

CO 

CO 

COCO 

.      r-l  I<1      CO  -f> 

o  -^  t^» 

U 

u 

\^     . 

h 

h 

h    - 

148    Read  and  Greaves  :  Properties  of  Some  Nickel- 

The  duration  of  the  trials  was  127  days :  the  results  are  recorded 
in  Table  XXI. 

Remarks  made  with  regard  to  the  value  of  the  figures  repre- 
senting loss  of  weight  in  the  case  of  the  fresh-water  tests  are 
even  more  applicable  to  the  results  of  corrosion  by  sea-water. 
In  this  case  it  was  found  that  some  of  the  samples,  notably  of 
the  cold-rolled  alloys,  showed  considerable  pitting  with  the 
formation  of  blisters.  A  hard,  white,  firmly-adhering  deposit 
formed  at  points  on  the  surface,  sometimes  accumulating  in 
the  blister  and  causing  the  metal  to  flake  off.  Flakes  of 
metal  so  removed,  of  course,  add  considerably  to  the  loss  of 
weight,  but  this  is  largely  counterbalanced  by  the  impossibility 
of  completely  removing  the  surface  deposit,  so  that  in  some 
cases  an  actual  gain  in  weight  was  found  in  spite  of  extensive 
corrosion. 

While  the  behaviour  of  the  nickel-aluminium  alloys  was 
satisfactory  and  local  action  was  absent,  the  presence  of  copper 
greatly  accelerated  the  corrosion  by  sea-water.  The  appear- 
ance of  the  plates  of  the  copper-nickel-aluminium  alloys  in 
every  case  indicated  more  severe  corrosion  in  sea-water  than 
in  fresh  water. 

Other  Corrosion  Tests. — Small  cylinders  of  the  metals,  |^  inch 
diameter  by  2  inches  long,  were  immersed  in  vinegar,  and  in 
1  per  cent,  solutions  of  tartaric,  citric,  and  oxalic  acids  respec- 
tively, for  about  seven  weeks,  the  rods  being  rubbed  at  intervals 
of  about  a  week,  and  the  liquid  renewed.  The  figures  given  in 
Table  XXII.  indicate  the  behaviour  of  the  alloys  under  these 
conditions. 

The  surfaces  of  all  the  nickel-aluminium  alloys  were  frosted 
after  exposure  to  these  reagents.  The  copper-nickel-aluminium 
alloys  showed  (except  in  the  case  of  immersion  in  vinegar) 
more  or  less  of  a  black  lightly  adhering  deposit,  beneath 
which  the  white  surface  was  roughened  and  frosted.  This 
appears  to  be  due  to  the  fact  that  copper  is  not  dissolved  by 
the  reagents  employed.  The  superiority  shown  by  the  nickel- 
aluminium  alloys  in  ordinary  corrosion  is  not  observed  in  the 
presence  of  these  reagents,  and  the  addition  of  copper  makes 
very  little  difference  to  the  rate  of  corrosion,  except  on  im- 
mersion in  tartaric  acid  solution.     In  1  per  cent,  tartaric  acid 
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solution  the  copper-nickel-aluminium  alloys  are  very  much  less 
corroded  than  the  nickel-aluminium  alloys,  and  give  a  figure 
comparable  to  the  best  results  obtained  with  fresh  water.  The 
surfaces  were  in  these  cases  smooth  and  only  very  slightly 
frosted. 

Table  XXII. — Corrosion  Tests. 


No. 

Composition. 

Loss  of  Weight  in  Grammes  per  Square  Foot 
per  100  Days. 

Copper 
per  Cent. 

Nickel 
per  Cent. 

Vinegar. 

1  per  Cent. 
Oxalic  Acid. 

1  per  Cent. 
Citric  Acid. 

1  per  Cent. 
Tartaric  Acid. 

9 
10 

... 

1-87 
4-31 

93 
194 

121 
156 

57 
81 

47 
74 

1 
3 

5 

7 

2-00 
213 

112 
3-74 

196 
212 

112         1          77 
135         1          80 

1 

4 
9 

407 
4-07 

112 
3-21 

156 

86 

205                   68 
179                   69 

5 
22 

Microscopic  Examinatiox  of  the  Alloys. 

The  accompanying  photomicrographs  were  taken  by  direct 
illumination,  the  specimens  having  been  etched  with  a  10  per 
cent,  solution  of  caustic  soda. 

The  interpretation  of  the  structures  observed  does  not 
appear  to  present  any  difficulty.  Both  copper  and  nickel  are 
known  to  form  an  eutectic  with  aluminium,  and  the  introduc- 
tion of  the  second  metal  into  the  alloy  results  in  an  increase 
in  the  eutectic  areas,  while  the  general  character  of  the 
structure  remains  unchanged.  It  is  probable  that  a  triple 
eutectic  is  formed. 

Photomicrograph  No.  1  (Plate  IV.)  shows  the  structure  of  a 
cast  alloy,  with  a  high  total  percentage  of  copper  and  nickel ; 
No.  2  is  the  same  metal  rolled  and  annealed,  the  only  difference 
being  that  the  eutectic  is  more  evenly  distributed.  The 
eutectic  structure  of  these  alloys  is  shown  in  photomicrograph 
No.  3,  taken  at  a  magnification  of  35  0  diameters.  No.  4 
represents  the  structure  at  the  centre  of  a  fairly  large  ingot  of 
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an  alloy  with  4  per  cent,  of  copper  and  4  per  cent,  of  nickel, 
and  illustrates  the  effect  of  slow  cooling  on  the  eutectic.  The 
segregation  which  has  taken  place  is  exactly  similar  in  character 
to  that  observed  by  Carpenter  and  Edwards  in  the  4'97  per 
cent,  copper-aluminium  alloy,  and  illustrated  in  Fig.  158, 
Plate  XVIII.  of  the  Eighth  Keport  to  the  Alloys  Research 
Committee.  Other  parts  of  the  same  ingot  showed  an  eutectic 
structure  similar  to  that  represented  in  photomicrograph 
No.  3. 

The  longitudinal  sections  of  the  cold-drawn  rods  all  pos- 
sessed the  characteristic  rolling  structure  shown  in  Nos.  5  and  6. 

The  simplicity  of  the  microstructure  of  the  copper-nickel- 
aluminium  alloys  is  reflected  in  practically  all  their  properties. 
The  authors  have  had  occasion  several  times  in  the  present 
paper  to  point  out  that  certain  characteristics  of  the  alloys 
are  determined  by  the  total  percentage  of  copper  and  nickel 
present.  This  may  very  well  be  due  to  the  fact  that  copper 
and  nickel  possess  almost  identical  densities  and  very  similar 
atomic  volumes,  and  that  the  internal  structure  of  the  alloy 
remains  practically  unchanged  by  the  substitution  of  one 
constituent  for  the  other. 

As  regards  both  the  heavy  *  and  light  alloys  of  aluminium, 
copper,  and  nickel,  the  authors  have  now  completed  a  general 
survey,  which  should  be  of  value  in  limiting  the  field  of 
inquiry  in  the  search  for  alloys  of  practical  utility.  They  hope 
in  the  near  future,  as  soon  as  the  war  is  over,  to  investigate  the 
properties  of  some  of  the  more  promising  members  of  both 
classes  of  these  alloys  in  further  detail. 

*  Journal  of  the  Institnle  of  Metals,  No.  1,  1914,  vol.  xi.  p.  169. 
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DISCUSSION. 

Mr.  K.  H.  Greaves,  in  introducing  the  paper,  remarked  that  this 
duty  devolved  upon  him  in  the  absence  of  Professor  Read,  who  was 
engaged  with  military  duties.  He  hoped,  however,  that  Professor  Read 
would  have  an  opportunity  of  making  a  written  communication,  in  further 
reply  to  the  discussion,  before  the  publication  of  the  Journal. 

Dr.  Walter  Rosenhain,  F.R.S.  (Member  of  Council),  said  that  it 
gave  him  very  great  pleasure  to  open  the  discussion,  because  the  paper 
was  one  on  which  he  felt  the  authors  were  to  be  most  sincerely  con- 
gratulated. They  had  done  a  piece  of  work  which  helped  to  clear  the 
ground.  The  possible  light  alloys  of  aluminium  with  metals  and  other 
substances  were  legion,  and  their  exploiters  were  in  many  cases  un- 
scrupulous. He  was  personally  grateful  to  the  authors,  and  wished  to 
remind  members  that  the  alloys  were  of  considerable  public  importance 
at  the  present  time,  and  consequently  some  degree  of  public  gratitude 
was  due  to  the  authors  for  information  given  about  one  more  system 
of  light  alloys.  It  was  no  criticism  of  the  paper — in  fact  it  was  an 
appreciation  of  it — to  say  that  the  net  result  was  to  show  that  the  alloys 
of  aluminium  and  nickel  were  of  no  practical  use,  and  might  be  dismissed 
absolutely  and  entirely  for  most  practical  purposes.  That  was  a  very 
valuable  conclusion  \  it  cleared  the  ground,  and  the  moment  people  came 
with  aluminium-nickel  alloys  claiming  for  them  marvellous  things,  it 
would  be  possible  to  estimate  their  claims  at  their  true  value. 

The  experiments  described  in  the  paper  had  been  carried  out  on  lines 
which  had  been  adopted  for  the  three  last  Alloys  Research  Reports,  and 
consequently  he  had  no  criticism  to  offer  in  that  respect ;  but  there  were 
one  or  two  points  of  detail  which  he  thought  worth  criticizing,  not 
because  he  thought  any  variation  of  the  methods  used  would  have  led  to 
materially  different  results  in  the  present  case,  but  because  he  sincerely 
hoped  that  the  authors  would  go  on  with  other  series,  and  perhaps  it 
would  be  well  if  they  would  consider  certain  points.  In  the  first  place, 
he  thought  the  ingots  they  used  were  a  little  small,  being  only  1\  inches 
in  diameter.  Mr.  Archbutt  and  he  had  found  that  a  2j-inch  ingot  when 
rolled  down  in  the  identical  mills  which  were  used  by  the  authors  did 
not  yield  as  good  results  as  could  be  obtained  by  rolling  down  a  rather 
larger  ingot,  and  some  little  allowance  had  to  be  made  in  comparing 
the  results  of  tests  on  bars  rolled  from  the  smaller  ingots.  There  was  a 
distinct  difference  between  a  2-inch  and  3-inch  ingot  rolled  down  to 
|-inch.  One  other  point.  Apparently  all  the  alloys  the  authors  had 
tried  rolled  well,  and  in  a  sense  that  was  very  satisfactory  and  successful, 
but  in  another  sense  it  spelt  failure,  because  it  meant  that  the  authors 
did  not  go  far  enough  in  their  series ;  they  should  have  made  at  least 
one  alloy  which  would  not  roll  in  order  to  settle  the  limit  of  those  which 
could  be  rolled.  It  merely  showed  that  they  had  not  explored  the  field 
quite  as  far  as  might  be  desirable,  but  he  did  not  think  it  made  any 
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difference  to  practical  results  in  this  paper,  as  the  alloys  were  not  of 
much  use.  Still  it  was,  as  a  matter  of  principle,  eminently  desirable  to 
do  things  in  that  way.  With  regard  to  the  yield  point,  he  wished  that 
the  authors  had  shown  at  least  one  actual  autographic  diagram — a 
diagram  on  such  a  scale  as  to  show  the  whole  shape  of  the  yield.  It 
would  be  remembered  that  in  the  case  of  the  aluminium-zinc  alloys  there 
was  a  definite  yield  exactly  like  the  yield  in  steel,  but  in  the  aluminium- 
copper  series  there  was  nothing  of  the  kind.  By  using  Scoble's  method 
it  was  possible  to  specify  the  yield  point  in  a  fairly  definite  way  even 
from  a  gradual  curve,  but  it  would  be  interesting  to  see  what  was  the 
shape  of  the  curves,  and  whether  there  was  a  definite  yield  or  a  gradual 
falling  away  which  could  only  be  translated  into  a  yield  by  some  such 
method  as  Scoble's. 

He  was  interested  in  nomenclature  and  terms  generally,  and  on  that 
subject  there  was  a  question  whicli  he  wished  to  ask  Mr.  Greaves,  who 
used  the  terms  "malleability"  and  "ductility"  and  distinguished 
markedly  between  them.  There  was  a  dictionary  distinction  between 
the  two  terms,  but  he  should  like  to  know  from  Mr.  Greaves  exactly 
what  the  distinction  was  in  his  mind. 

There  was  one  point  in  the  conclusions  of  the  paper  on  which  he  thought 
he  must  differ.  Mr.  Greaves  said  that  the  conclusion  was  justified  that  the 
addition  of  nickel  and  of  nickel  plus  coj)per  to  aluminium  reduced  the 
resistance  to  alternating  stress.  That  he  believed  was  not  a  fact.  It 
was  true  that  it  reduced  the  number  of  reversals  on  the  Arnold  test 
which  the  alloy  would  stand,  but  that  was  not  equivalent  to  saying  that 
it  reduced  the  resistance  to  alternating  stress.  It  reduced  the  ductility 
or  malleability,  or  the  amount  of  plastic  alternating  deformation  which 
the  material  could  withstand,  but  it  increased  the  amount  of  elastic 
deformation  it  could  stand  because  it  raised  the  elastic  limit.  There 
were  many  kinds  of  alternating  stresses,  of  a  different  character  from 
that  imposed  by  the  Arnold  machine,  which  the  alloys  did  resist  a  great 
deal  better  than  pure  aluminium,  and  it  was  much  too  sweeping  a  state- 
ment to  say  that  the  addition  of  nickel  plus  copper  or  nickel  reduced  the 
resistance  to  alternating  stress.  As  an  instance  he  might  take  the 
aluminium-zinc  series  ;  alloys  with  an  increasing  amount  of  zinc  resisted 
a  decreasing  number  of  reversals  in  the  Arnold  machine,  yet  they  were 
many  times  stronger  than  pure  aluminium,  and  showed  their  superiority 
in  practice. 

He  desired  next  to  draw  attention  to  the  table  of  specific  tenacities. 
He  was  very  glad  to  see  that  the  term  was  proving  useful,  but  he  thought 
the  authors  might  have  carried  their  comparison  a  little  further,  or  at 
any  rate  he  should  like  to  add  to  it  by  saying  that,  taking  the  data  from 
the  Tenth  Alloys  Research  Report,  there  is  given  in  the  Appendix  a 
ternary  alloy  of  copper,  zinc,  and  aluminium  in  which  the  specific 
tenacity  in  the  hot-rolled  state  went  up  as  high  as  279.  There  was 
another  alloy  containing  a  little  magnesium  in  which  that  figure  went  up 
to  over  290.  It  was  for  that  reason,  among  others,  than  one  was  justified 
in  concluding  that  the  alloys  of  the  present  series  were  not  of  much 
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value.  The  figure  242  of  the  cold-drawn  material  looked  promising,  but 
it  must  be  borne  in  mind  that  in  the  cold-drawn  condition  one  was  deal- 
ing with  a  material  which  had  yet  to  prove  its  safety  as  to  whether  it 
could  be  used  at  all.  In  a  good  many  uses  to  which  it  had  been  in- 
tended to  put  light  alloy  wires,  great  trouble  had  been  experienced 
owing  to  the  strength  of  the  cold-drawn  material  not  being  reliable  as  a 
permanent  thing,  ^yhether  that  was  more  so  in  light  alloys  than  in 
other  materials  he  was  not  sure,  but  he  would  warn  anyone  from  relying 
on  figures  for  the  cold-drawn  material.  There  must  be  at  least  an 
extension  of  10  per  cent,  on  2  inches  as  a  minimum  ductility  to  enable 
one  to  rely  on  the  material  at  all.  That,  of  course,  was  an  arbitrary 
figure,  and  subject  to  modification  after  further  experience. 

Finally,  he  wished  to  make  an  appeal  both  to  the  authors  and  to  the 
Publication  Committee  of  the  Institute  with  regard  to  the  micrographs. 
So  far  as  the  authors  were  concerned,  he  felt  quite  sure  that  they  could 
have  given  better  photographs  than  those  they  had  given  if  they  had 
cared  to  take  the  trouble.  The  photographs  given  in  the  paper  really 
were  hardly  worth  publishing  because  they  did  not  mean  very  much. 
The  micrographs  had  been  reduced  in  reproduction  10  per  cent.  In  the 
paper  read  previous  to  the  present  paper  the  micrographs  were  reduced  by 
some  other  odd  percentage.  If  it  were  not  possible  to  persuade  authors 
to  use  a  uniform  series  of  magnifications  they  might  at  least  not  make 
confusion  worse  confounded  by  all  sorts  of  odd  reductions  such  as  they 
had  given.  Readers  of  papers  desired  to  know  when  looking  at  a  micro- 
graph ajDproximately  the  sort  of  scale  it  was  on  without  having  to  read 
two  or  three  lines  of  print  and  calculate  what  the  magnification  really 
was.  It  was  a  matter  which  was  well  worth  considering.  In  conclusion, 
he  would  repeat  what  he  had  previously  said,  that  personally  he  felt 
most  indebted  to  the  authors  for  the  paper,  and  he  looked  forward  to 
further  papers  from  them  dealing  with  other  series. 

Mr.  L.  Archbutt  (Member  of  Council),  said  that  he  had  no  special 
knowledge  of  the  particular  alloys  dealt  with,  but  he  wished  to  con- 
gratulate Mr.  Greaves  upon  the  excellent  manner  in  which  he  had  given 
the  resume  of  his  paper.  Everyone  in  the  room  must  have  very  clearly 
understood  practically  all  that  was  of  importance  in  the  paper  whether 
they  had  read  it  or  not.  The  only  remark  he  had  to  make  was  with 
reference  to  the  methods  of  analysis  given  on  page  104.  It  occurred  to 
him,  on  looking  over  the  methods  described  there,  that  they  might  have 
been  simplified  with  advantage.  If  the  alloy  had  been  got  into  suitable 
solution,  the  copper  might  have  been  precipitated  electrolytically,  using  a 
rotating  anode  by  preference,  and  the  nickel  might  have  been  determined 
by  the  dimethylglyoxime  method  very  much  more  rapidly  and  quite  as 
accurately  as  by  the  direct  method  described. 

Professor  Turner,  M.Sc.  (Vice-President),  said  that  the  paper  repre- 
sented a  considerable  amount  of  work,  and  had  been  well  presented ; 
and,  as  Dr.  Rosenhain  had  pointed  out,  although  the  results  were  largely 
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negative,  they  were,  from  niany  points  of  view,  not  less  valuable  on  that 
account.  He  did  not  think  the  question  of  the  reduction  of  10  magnifi- 
cations on  the  size  of  the  photomicrographs  was  really  very  important. 
The  effect  of  the  difference  between  50  and  60  magnifications  was  not 
very  great,  nor  was  the  diff'erence  very  great  between  1500  and  IGOO. 
At  the  same  time  it  wa^  quite  possible  that  the  photographs  might  be 
improved,  and  from  that  aspect  the  suggestion  was  a  good  one.  In 
what  he  had  to  say,  he  hoped  Mr.  Greaves  would  not  think  he  was 
speaking  especially  about  him.  There  was  a  general  method  of  pre- 
senting the  results  of  tests  on  a  series  of  ingots,  and  he  found  that  in 
a  number  of  papers,  the  present  amongst  others,  it  was  very  irritating. 
Experiments  were  done  in  the  laboratory  in  a  certain  order,  and  natu- 
rally, as  the  work  went  on,  it  was  found  necessary  to  go  on  with  other 
experiments,  hence  results  were  published  with  ingot  numbers  arranged 
irregularly.  In  the  present  case  the  numbers  started  with  32  and  33, 
and  then  went  to  1,  2,  and  3,  and  then  27,  28,  29,  and  30,  whereas, 
as  a  matter  of  fact,  they  were  all  in  a  continuous  series  of  chemical 
composition.  He  suggested  that  authors,  for  the  convenience  of  those 
who  were  to  read  the  paper,  should  re-number  the  ingots  consecutively, 
and  the  order  of  the  position  should  be  from  1  to  33,  or  something  like 
that,  and  then  much  trouble  would  be  avoided. 

At  the  bottom  of  page  106,  in  the  copper-nickel-aluminium  alloys,  there 
was,  "Copper  (1  per  cent.) — 1,  2,  3  perfectly  sound;  27,  28  poor;  29 
useless,"  and  one  had  to  go  back  and  find  out  what  the  three  latter 
ingots  were.  As  a  matter  of  fact,  27  was  No.  4,  28  was  No.  5,  and  29 
was  No.  6,  if  numbered  according  to  composition.  If  the  suggestion  he 
had  put  forward  was  adopted,  it  would  be  beneficial  not  only  to  the 
Institute,  but  to  a  number  of  other  Societies.  For  example,  he  had  in 
his  pocket  an  advance  copy  of  a  paper,  to  be  read  before  another  Society, 
in  which  the  same  difficulty  occurred.  It  would  be  an  advantage,  there- 
fore, to  number  the  ingots  for  the  reader  and  not  for  the  experimenter. 

Mr.  O.  F.  Hudson,  M.Sc.  (Birmingham),  wished  to  say  how  much  he 
admired  the  paper  and  the  work  that  had  been  done,  and  the  way  it  had 
been  presented.  He  was  sure  it  would  prove  of  the  very  greatest  use  to 
scientific  and  practical  men.  He  was  glad  to  notice  that  the  authors 
had  drawn  particular  attention  to  the  yield  point  in  the  paper,  which 
would  help  to  standardize  some  ideas  on  that  question.  Whatever 
was  decided  on,  he  thought  it  was  highly  desirable  that  some  stan- 
dard yield  point  should  be  settled.  With  regard  to  the  question  of 
magnification  of  photomicrographs,  he  agreed  entirely  with  Dr.  Rosen- 
hain,  that  it  was  most  important  the  photographs  should  not  be  reduced 
in  any  way  in  the  reproduction.  He  could  not  himself  see  that  there 
was  any  necessity  to  reduce  them  at  all.  It  would  be  much  better  if 
they  were  reproduced  exactly  the  same  size,  and  it  would  also  be  very 
much  better  if  some  standard  magnifications  could  be  decided  upon. 
There  should  be  no  difficulty  in  it,  and  he  thought  it  would  simplify 
very  much  the  reading  of  the  micrographs. 
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Mr.  S.  W.  Smith,  B.Sc.  (London),  said  that  the  method  of  analysis 
outlined  by  Mr.  Archbutt  was  one  to  which,  he  thought,  all  chemists 
would  agree.  He  might  refer,  however,  to  a  method  which  he  had 
found  useful  and  rapid  for  occasional  work  in  determining  copper  and 
nickel. 

It  was  an  extension  of  the  ordinary  "  iodide "  method  for  deter- 
minations of  copper.  These  were  made  in  the  ordinary  way,  and  when 
completed  the  solutions  were  filtered.  It  was  possible  to  get  perfectly 
clear  solutions  free  from  cuprous  iodide  by  adding  a  little  filter  pulp 
to  the  filters.  The  nickel  was  then  determined  in  these  filtrates  by 
titrating  with  potassium  cyanide.  A  satisfactory  "  indicator "  was 
obtained  by  the  addition  of  a  small  quantity  of  silver  nitrate  which 
formed  silver  iodide  by  reaction  with  the  potassium  iodide  present  in 
the  solutions. 

Mr.  Arnold  Philip,  B.Sc.  (Member  of  Council),  said  that  the  paper 
was  a  very  useful  and  important  one,  and  at  the  present  time  was  of 
extreme  value  from  the  point  of  view  of  the  mechanical  use  of  low  gravity 
alloys.  He  was  very  much  gratified  to  find  that  the  authors  had  adopted 
a  proposal  which  he  put  forward  for  a  scale  of  corrosion  numbers ;  he 
had  found  it  extremely  useful,  as  the  figures  could  be  remembered  easily. 
Looking  at  the  figures  of  corrosion  given  by  the  authors,  he  noticed  that 
they  were  not  at  all  high.  It  was  generally  considered  that  aluminium 
alloys  had  very  high  corrosion  figures,  but  as  a  matter  of  fact  the  figures 
in  the  paper  were  all  about  the  same  as  those  obtained  for  the  a  brass 
alloy  and  any  condenser  tube  alloy  ;  they  were,  in  fact,  just  of  about  the 
same  order  as  was  to  be  found  in  any  Admiralty  composition  condenser 
tube  alloys  corroded  in  sea  water  on  non-conducting  supports.  The 
authors  called  attention  to  the  fact  that  the  rolled  alloys  showed  blister- 
ing, but  they  did  not  mention  any  case  of  blistering  in  the  annealed 
samples.  Blistering  with  aluminium  alloys  was  a  great  trouble  in 
making  corrosion  tests,  and  Professor  Heyn  in  his  lecture  last  year  * 
showed  a  photograph  of  two  samples  of  rolled  aluminium,  one  of  which 
was  unannealed  and  split  up  into  thin  layers,  almost  like  the  leaves  of  a 
book,  under  the  corrosion  test.  In  conversation  afterwards,  he  under- 
stood Professor  Heyn  to  say  that  as  far  as  his  experiments  went  he  had 
never  found  any  blistering  or  leaflike  structure  set  up  in  aluminium 
alloys  unless  they  had  been  cold  rolled.  Professor  Heyn  was  anxious  to 
obtain  more  information  on  the  point,  and  asked  him  (Mr.  Philip)  if  he 
came  across  any  aluminium  alloys  which,  after  annealing,  showed  blis- 
tering after  corrosion,  to  forward  full  particulars.  Perhaps  the  authors  had 
had  cases  in  their  experience  in  which  blistering  had  been  shown  to  occur 
in  annealed  alloys.  Aluminium  alloys  were  very  frequently  used  in 
contact  with  other  metals,  and  if  a  corrosion  test,  instead  of  being  made 
on  insulated  conductors,  was  made  in  contact  with  some  metals  by  which 
an  electromotive  force  was  set  up,  the  corrosion  would  be  enormously 
magnified.  All  the  experiments  he  had  made  in  aluminium  alloys  in 
*  Journal  of  the  Institute  of  Metals,  No.  2,  1914,  vol.  xii.  p.  2G. 
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contact  witli  other  metals  had  gone  to  show  that  the  corrosion  was  almost 
hopelessly  large,  with  curiously  one  exception.  The  exception  was  a 
copper- nickel-aluminium  alloy,  the  composition  of  which  was  as  follows  : 

Per  Cent. 

Copper 5"34 

Nickel         ........     0-57 

Silicon 0-30 

Iron 0-40 

Manganesfe  .......       nil 

Magnesium         .......      nil 

Aluminium  by  difference 93 '39 

100  00 

Tin,  lead,  bismuth,  cadmium,  zinc,  manganese,  arsenic,  and  antimony 
were  all  looked  for  but  found  to  be  absent. 

That  alloy,  when  corroded  in  contact  with  gun-metal  of  Admiralty  com- 
position in  sea-water,  both  when  continuously  moved  under  a  fixed  rubber 
and  also  when  allowed  to  corrode  statically,  showed  remarkably  good 
resistance  to  cori'osion ;  but  the  mechanical  properties  were  very  bad. 
The  cast  metal  had  an  extension  of  about  1  per  cent,  on  2  inches,  and  the 
breaking  load  was  from  5  to  6  tons.  Nevertheless,  such  an  alloy,  show- 
ing a  remarkable  resistance  to  corrosion,  as  an  aluminium  alloy,  might 
be  of  some  use  where  only  small  mechanical  stress  was  necessary. 

The  Chairman  (Professor  H.  C.  H.  Carpenter,  M.A.,  Ph.D.,  Vice-Presi- 
dent) said  that  as  the  question  of  uniform  magnification  of  photomicro- 
graphs had  been  raised  by  two  speakers,  he  might  point  out  the  difficulty 
which  the  Publication  Committee  had  to  meet.  No  two  authors  sent  in 
photomicrographs  of  the  same  size.  One  gentleman  recently  had  sent 
in  photomicrographs  which  were  larger  than  the  size  of  the  Journal  page, 
and  obviously  in  that  case  there  had  to  be  a  reduction  in  size,  and  the 
Committee  were  in  the  position  of  not  knowing  the  size  of  the  photo- 
micrographs that  had  to  be  reproduced  in  the  paper  until  it  was  in  their 
hands.  If  members  would  support  the  Committee  by  adopting  not  only 
a  uniform  magnification  but  as  far  as  possible  a  uniform  size  of  photo- 
micrograph, he  thought  the  Committee  could  meet  the  point  that  had 
been  raised. 

He  rather  felt  that  Dr.  Rosenhain  and  he  had  studied  the  paper  from 
very  much  the  same  point  of  view,  and  that  was  possibly  the  reason  why 
the  former  had  forestalled  some  of  the  remarks  he  (the  Chairman)  had 
been  going  to  make.  But  there  were  two  points  to  which  he  wished  to 
allude,  the  first  being  with  reference  to  the  authors'  conclusion  that  in 
the  light  alloys  copper  and  nickel  might  be  used  almost  as  interchange- 
able metals,  i.e.  practically  without  causing  any  variation  in  the  proper- 
ties of  the  resulting  alloys.  If  that  was  the  case,  it  at  once  cut  out  nickel 
on  two  grounds.  First  of  all,  it  was  about  three  times  as  expensive  as 
copper ;  and  secondly,  being  a  much  higher  melting  metal,  it  also  cost 
more  to  melt.  Those  two  considerations  would  be  sufiicient  to  exclude 
its  practical  use.     The  other  point  was  with  regard  to  the  constitution  of 
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the  alloys.  He  noticed  that  the  authors  promised  a  future  investigation 
on  the  matter,  and  he  hoped  they  would  include,  if  their  equipment 
permitted  it,  a  determination  of  the  equilibrium  diagram  of  the  alloys 
whose  properties  they  were  investigating,  because  it  was  only  with  such 
a  diagram  that  one  could  interpret  their  behaviour.  As  illustrating  the 
importance  of  having  that,  he  noticed  that  they  said  on  p.  149,  with 
regard  to  the*  microscopic  examination  of  alloys,  that  probably  a  triple 
eutectic  was  formed.  He  thought  that  was  impossible.  A  triple  eutectic 
could  not  be  formed  unless  each  of  the  binary  systems  had  an  eutectic. 
This  was  the  case  for  copper-aluminium,  but  he  was  not  sure  whether  it 
was  the  case  for  nickel-aluminium,  and  it  was  certainly  not  the  case  for 
copper-nickel,  which  formed  a  continuous  series  of  solid  solutions.  The 
view  of  the  authors,  therefore,  that  a  triple  eutectic  might  be  present 
must  be  abandoned.  He  ventured  to  appeal  for  a  determination  of  the 
equilibrium  diagram  of  the  alloys  they  had  investigated. 

Mr.  K.  H.  Greaves,  in  replying  to  the  discussion,  said  the  first 
point  raised  by  Dr.  Rosenhain,  and  afterwards  referred  to  by  Professor 
Carpenter,  was  the  fact  that  the  nickel-aluminium  alloys  were  probably 
of  no  practical  importance,  and  that  was  the  conclusion  to  which  Dr. 
Read  and  he  had  come.  The  only  point  was  that  the  corrosion  of  the 
nickel-aluminium  alloys  was  certainly  less  than  the  corrosion  of  the  copper- 
aluminium  alloys,  so  that  in  cases  where  the  strength  was  not  the  essen- 
tial requirement  it  was  possible  that  the  nickel-aluminium  alloys  might 
be  useful  in  resisting  corrosion.  Another  point  with  regard  to  nickel- 
aluminium  alloys  was  that  it  was  not  known  what  would  happen  in  the 
case  of  the  addition  of  magnesium ;  it  was  possible  interesting  results  in 
that  direction  would  be  obtained  similar  to  those  obtained  by  the  addi- 
tion of  magnesium  to  copper-aluminium  alloys.  Dr.  Rosenhain  had 
referred  to  the  fact  that  the  ingots  were  small.  It  was  all  very  well  for 
Dr.  Rosenhain,  with  the  Institution  of  Mechanical  Engineers  at  the  back 
of  him,  to  talk  about  using  large  ingots,  but  the  expense  was  very  con- 
siderable when  it  was  simply  a  private  matter.  It  might  be  asked  why, 
if  one  could  not  afford  to  have  larger  ingots,  one  should  not  cut  down 
the  number  of  ingots  used.  Probably  the  information  which  was  derived 
from  a  number  of  ingots  as  used  in  this  research  in  comparison  with  the 
copper-aluminium  alloys  rolled  to  the  same  extent  provided  a  certain 
amount  of  information  which  might  be  more  useful  than  that  obtained 
by  limiting  the  number  of  ingots  ;  but  the  authors  would  bear  that  point 
in  mind  in  making  a  more  complete  investigation  of  the  more  promising 
alloys,  and  they  had  intended  to  do  that  not  only  in  the  case  of  ingots 
rolled  down,  but  also  in  sheet  metal  as  well  in  one  or  two  cases.  Dr. 
Rosenhain  also  referred  to  the  fact  that  all  the  ingots  made  rolled  well, 
and  seemed  to  think  one  should  be  made  in  each  series  which  did  not 
roll  well.  There  the  question  of  expense  came  in  again.  The  way  the 
authors  worked  was  to  have  preliminary  trials  on  a  small  scale,  and  in 
that  way  to  determine  the  probable  limit  of  rolling.  That  was  all  set 
out  in  the  first  part  of  the  paper.     The  result  was  that  the  alloys  made 
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on  a  larger  scale  all  rolled  well,  and  tlie  rods  were  obtained  from 
them.  They  could  not  afford  to  have  any  wasters.  He  was  sorry  the 
autographic  diagrams  were  not  reproduced,  but  they  did  not  show  much 
resemblance  to  those  which  Dr.  Rosenhain  published  in  the  Tenth  Report. 
One  characteristic  in  common  with  the  aluminium-zinc  diagram  was  the 
wavy  nature  of  the  top  part  of  the  curve,  but  there  was  no  very  sharp 
yield  point,  and  the  only  way  to  arrive  at  the  yield  point  was  on  the 
lines  of  the  method  described  in  Fig.  6.  With  regard  to  the  words 
"malleability"  and  "ductility,"  he  did  not  know  whether  he  had  used 
them  loosely  or  not,  but  by  malleability  he  intended  to  convey  the 
behaviour  of  metal  on  hammering  or  rolling,  and  by  ductility  the 
behaviour  of  the  metal  in  drawing  into  wire.  While  the  malleability 
depended  mostly  on  the  elongation  of  the  metal,  the  ductility  depended 
to  a  considerable  extent  upon  its  tensile  strength  as  well  as  its  elongation. 
Both  Professor  Read  and  himself  would  be  quite  willing  to  accept  Dr. 
Rosenhain's  revision  of  the  statement  that  copper  and  nickel  reduced 
the  resistance  to  alternating  stress.  They  had  no  right  to  talk  about 
reduction  of  resistance  to  alternating  stress  without  specifying  the  method 
tried,  Arnold's  method.  They  hoped  to  go  more  in  detail  into  the 
question  of  the  alternating  tests  of  the  alloys  when  examining  one  or 
two  of  the  more  promising  of  the  series.  He  wished  to  thank  Mr. 
Archbutt  and  Mr.  Smith  for  their  suggestions  with  regard  to  analysis, 
and  no  doubt  the  schemes  they  had  outlined  would  be  given  a  trial  in 
future.  He  also  wished  to  thank  Mr.  Hudson  and  Professor  Turner  for 
their  appreciative  remarks. 

Mr.  Philip  had  referred  to  the  figures  given  for  corrosion.  Although 
those  figures  were  not  high,  taken  alone  they  were  rather  misleading, 
and  that  was  referred  to  in  the  paper  where  it  was  said  :  "  The  flakes 
of  metal  which  were  sometimes  removed  on  account  of  blistering  add 
considerably  to  the  loss  in  weight,  but  this  is  largely  counterbalanced  by 
the  impossibility  of  completely  removing  the  surface  deposit,  which  was 
a  hard  white  firmly  adhering  deposit  which  formed  on  the  surface,  and 
accumulated  inside  the  blisters.''  It  was  very  difficult  to  remove  that 
deposit,  especially  when  it  accumulated  inside  the  blisters.  The  blisters 
would  swell  up  and  form  a  little  crack  and  the  whole  of  the  inside  was 
filled  with  the  hard  deposit,  and  when  dry  the  stuff  could  be  taken  out 
as  powder.  The  fact  that  the  loss  in  weight  was  not  very  great  in  some 
cases  could  not  be  taken  as  indicating  very  much  without  also  taking 
account  of  the  notes  in  the  continuation  on  the  table  on  the  appearance 
of  the  surface.  Mr.  Philip  had  asked  whether  blistering  had  been 
noticed  in  any  case  of  annealed  plates.  There  was  one  annealed  plate 
which  certainly  did  blister,  but  he  was  not  sure  whether  it  was  a  case  in 
point,  because  the  material  had  been  rolled  cold  first,  and  then  annealed, 
and  it  was  just  possible  the  annealing  was  not  complete.  With  reference 
to  the  Chairman's  remarks  as  to  the  photomicrographs,  he  would  suggest 
that  the  Institute  should  issue  a  public  statement  of  the  size  of  the  photo- 
micrographs they  desired.  It  was  obviously  a  case  in  which  the  Institute 
must  make  the  first  move. 
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The  Chairman  said  that  he  would  promise  the  members  that  the 
question  of  the  magnification  and  size  of  photomicrographs  should  be 
brought  before  the  Publication  Committee  at  their  next  meeting. 


COMMUNICATION. 

Professor  Read  and  Mr.  Greaves  wrote,  in  further  reply  to  the  dis- 
cussion, thanking  those  gentlemen  who  had  taken  part  for  the  numerous 
interesting  points  which  they  raised,  but  at  the  same  time  they  would 
have  welcomed  further  comment  on  one  question  which  they  had  speci- 
ally intended  to  emphasize.  That  was  the  fixing  of  some  standard 
method  of  measuring  the  yield  point  of  these  and  similar  alloys.  As 
Mr.  Hudson  had  pointed  out,  it  seemed  highly  desirable,  as  a  means 
of  avoiding  ambiguity,  that  some  standard  method  should  be  settled, 
and  they  ventured  to  suggest  that  this  important  question  was  one  which 
the  Institute  of  ^letals  might  very  well  deal  with  authoritatively. 
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Fig.  20. — Autographic  Stress-Strain  Diagrams.     Alloy  No.  6. 
Copper,  4'13  per  Cent.  ;  Nickel,  2'16  per  Cent. 

In  compliance  with  Dr.  Rosenhain's  suggestion,  they  (the  authors) 
were  now  reproducing  from  tracings  some  typical  autographic  stress- 
strain  diagrams  (Fig.  20).  It  would  be  seen  that  only  the  cold-drawn 
material  exhibited  a  well-marked  yield  point :  after  hot-rolling,  and 
especially  after  annealing,  the  yield  point  was  more  indefinite. 

With  regard  to  the  remarks  of  Mr.  Archbutt  and  Mr.  Smith  as  to  the 
analysis  of  these  alloys,  they  (the  authors)  believed  that  the  method 
which  they  had  adopted  was  as  simple,  rapid,  and  accurate  as  those  sug- 
gested. 
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SOME   APPLIANCES    FOR   METALLO- 
GRAPHIC    RESEARCH.* 

By  WALTER  ROSENHAIN,  B.A.,  D.Sc,  F.R.S.  (Member  of  Council) 
(From  the  National  Physical  Laboratory). 

In  a  paper  read  at  the  first  meeting  of  this  Institute,  the  author 
described  methods  which  were  at  that  time  in  use  at  the  National 
Physical  Laboratory  "j"  for  the  metallographic  investigation  of 
alloys.  Since  then  the  growing  importance  of  special  ques- 
tions which  have  arisen  for  investigation  have  brought  about 
a  need  for  the  steady  improvement  of  experimental  methods 
and  a  corresponding  development  in  the  instrumental  appli- 
ances. While  some  of  these  appliances  have  been  briefly 
referred  to  in  various  publications,  no  detailed  account  has 
yet  been  published.  Such  an  account  is  therefore  presented 
in  the  present  paper  in  the  hope  that  some  of  the  appliances 
described  may  prove  directly  useful  to  other  workers,  or  that 
they  may  suggest  modifications  or  other  applications  than 
those  already  in  use.  A  discussion  on  experimental  methods 
and  appliances  generally  is  also  to  be  welcomed  in  the  hope 
that  it  may  lead  to  the  evolution  of  new  ideas  or  the  correc- 
tion of  old  ones. 

Three  appliances  are  to  be  dealt  with  here ;  these  are : 
(1)  an  instrument  for  the  levelling  of  specimens  of  metal  for 
microscopic  examination;  (2)  a  new  type  of  furnace  for  use 
in  the  determination  of  thermal  curves  of  metals  and  alloys ; 
(3)  a  plotting  chronograph  or  recorder  for  the  direct  plotting 
of  "  inverse  rate  "  curves  from  the  tapping  of  a  key  by  the 
observer. 

Levelling  Device  for  Metallographic  Specimens. 

The  need  for  some  means  of  mounting  polished  and  etched 
specimens  of  metal  preparatory  to  microscopic  examination 
has  long  been  recognized,  since  it  is  obvious  that  in  order  to 

*  Read  at  Annual  General  Meeting,  London,  March  19,  1915. 

t  Journal  of  the  Institute  of  Metals,  No.  1,  1909,  vol.  i.  pp.  200-226, 


f 


Metallographic  Research  161 

obtain  good  microscopic  definition  when  a  specimen  is  exa- 
mined or  photographed  it  is  essential  that  the  surface  under 
examination  should  be  placed  at  right  angles  to  the  optic  axis 
of  the  microscope.  Only  in  the  Le  Chatelier  type  of  metal- 
lurgical microscope  is  mounting  unnecessary,  since  there  the 
specimen  lies  face  downwards  on  the  table  of  the  instrument. 
There  are,  however,  serious  objections  to  this  type  of  micro- 
scope, and  in  this  country,  at  all  events,  the  more  usual  type 
in  which  the  specimen  lies  face  upwards  on  the  stage  is  much 
more  widely  employed.  Many  of  these  instruments  are  pro- 
vided with  some  form  of  "  levelling  stage,"  i.e.  with  a  platform 
provided  with  levelling  screws  or  other  means  of  adjustment 
whereby  the  specimen  can  be  tilted  in  any  desired  direction 
until  the  prepared  surface  is  brought  into  the  proper  position. 
While  such  devices  can  be  made  to  work  perfectly  well,  they 
add  a  complicated  fitting  to  the  microscope,  and  require  that  a 
fresh  adjustment  shall  be  made  for  each  new  specimen ;  and 
there  is  some  diflficulty  in  knowing  exactly  when  the  surface 
of  the  specimen  has  been  set  at  right  angles  to  the  optic  axis. 
Devices  for  mounting  metallographic  specimens  on  slips  of 
glass  or  wood  in  a  properly  levelled  position  have  been  in  use 
for  many  years.  They  have  usually  been  of  a  mechanical 
character,  and  have  all  involved  handling  of  the  actual  polished 
and  etched  surface.  Among  these  devices  may  be  mentioned 
the  use  of  brass  rings  or  short  tubes  with  accurately  parallel 
ends.  The  specimen  is  laid  face  downward  on  a  sheet  of 
glass,  and  a  ring  of  suitable  depth  is  placed  around  it ;  the 
back  of  the  specimen  is  then  covered  with  a  layer  of  wax  or 
plasticine,  or  other  suitable  mounting  medium,  and  the  glass 
slip  which  is  intended  to  carry  the  specimen  is  then  pressed 
down  until  the  slip  rests  on  the  upper  edge  of  the  brass  ring. 
In  this  way  the  approximate  parallelism  of  the  prepared  sur- 
face and  of  the  front  face  of  the  mounting  slip  is  secured. 
The  accuracy  is  not  very  great,  since  the  brass  ring  is  of  only 
moderate  diameter,  and  a  small  error  in  its  parallelism  involves 
a  considerable  angle  between  the  two  glass  surfaces ;  further, 
if  the  two  sides  of  the  glass  mounting  slip  are  not  strictly 
parallel,  this  error  is  transferred  to  the  mounted  specimen. 
In  practice   the   errors  of  these   mounting  devices  are  quite 
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appreciable  when  specimens  of  fairly  large  area  are  traversed 
under  lenses  of  moderate  power. 

Somewhat  similar  in  principle,  and  possessing  some  of  the 
same  defects,  is  a  mounting  device  introduced  by  the  author 
about  twelve  years  ago,  in  which  the  specimen  is  placed  face 
downward  on  an  ebony  plate,  and  a  second  ebony  plate,  to 
Avhich  the  glass  mounting  slip  is  attached,  is  moved  by  means 
of  metal  links  in  such  a  way  as  to  be  always  parallel   to  the 

first  plate.  Errors  in  parallelism  of 
the  glass  slip  are  eliminated  in  this 
machine,  but  the  need  for  ex- 
tremely accurate  workmanship  made 
it  necessarily  expensive. 

In  order  to  avoid  the  difficulties 
enumerated  above,  the  author  has 
recently  devised  an  optical  instru- 
ment for  the  levelling  of  metallo- 
graphic  specimens,  in  which  the 
direction  of  a  beam  of  light  reflected 
from  the  polished  surface  of  the 
specimen  is  used  as  an  index  of  the 
proper  position  of  that  surface.  The 
principle  employed  is  that  known 
as  "  auto-collimation."  The  action 
of  the  instrument  is  readily  under- 
stood from  the  sectional  sketch, 
Fig.  1.  E  is  the  eye-piece,  0  the 
objective  of  a  small,  low-power  tele- 
scope rigidly  fixed  in  a  vertical  posi- 
tion. At  R  is  a  plane  glass  reflector  set  at  45  degrees  to  the 
axis  of  the  telescope.  Opposite  R  is  a  short  side-tube  closed  at 
the  outer  end  by  a  plate  in  which  is  a  small  hole,  H.  The  dimen- 
sions are  so  adjusted  that  the  distance  RH  is  equal  to  RF, 
F  being  the  principal  focus  of  the  objective  O,  where  cross- 
wires  are  fixed.  At  P,  some  distance  below  0,  is  fixed  a  disc 
of  selected  parallel  polished  plate  glass,  the  under-surface  of 
which  is  silvered.  Rays  from  a  bright  lamp  enter  at  H,  and 
are  reflected  downward  at  R ;  the  light  emerges  from  O  as  an 
approximately  parallel  beam,  which  is  reflected  by  the  silvered 
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surface  of  P.  If  this  surface  is  set  accurately  at  right  angles 
to  the  axis  of  the  telescope  EO,  the  reflected  beam  will  be 
brought  to  a  focus  at  F,  where  a  bright  image  of  the  hole  H 
will  be  formed  on  the  cross-wires.  The  plate  P  is  provided 
with  adjusting  screws,  by  means  of  which  this  result  can  be 
attained.  If  now  a  polished  and  etched  metallographic  speci- 
men is  mounted  on  a  flat  slip  of  glass,  wood,  or  metal  by 
means  of  soft  wax  or  plasticine,  and  this  is  laid  on  the  middle 
of  the  glass  slab  P,  then  the  surface  of  the  specimen  acts  as 
the  reflector  instead  of  the  sil- 
vered surface  of  P.  It  is  then 
only  necessary  to  adjust  the 
specimen  until  the  image  of  H 
again  falls  on  the  cross-wires. 
When  this  result  is  attained,  the 
surface  of  the  specimen  must  be 
strictly  parallel  to  the  surface  of 
the  disc  of  plate  glass. 

In  practice  the  adjustment 
here  described  can  be  made  in  a 
very  few  seconds,  and  it  does  not 
involve  any  touching  of  the 
polished  surface  whatever ;  it  is, 
indeed,  surprisingly  easy.  The 
only  diflSculty  which  arises  is 
that  the  prepared  surfaces  of 
specimens  are  not  generally 
optically  flat,  and  that  after 
etching  they  are  not  optically 
perfect  reflectors.  Actually,  how- 
ever, unless  one  is  dealing  with  a  deeply  rounded  speci- 
men or  Avith  one  which  has  been  very  heavily  etched,  the 
reflected  image  in  the  instrument  is  quite  recognizable,  al- 
though no  longer  a  clean,  sharply-focussed  spot.  The  vague 
image  can,  however,  be  set  upon  the  cross-wires,  and  still 
gives  an  accuracy  of  levelling  very  much  superior  to  that 
attainable  by  mechanical  means.  The  instrument,  while  over- 
coming all  the  defects  of  the  mechanical  methods,  offers  the 
further  advantage  that  if  it  is  desired  to  examine  or  photo- 
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graph  any  particular  region  lying,  for  example,  near  the  edge 
of  a  specimen  where  the  surface  is  materially  rounded,  the 
particular  spot  in  question  can  be  set  "  level "  by  covering  the 
specimen  with  a  paper  mask  in  which  a  small  hole  has  been 
cut  over  the  spot  in  question.  By  bringing  this  under  the 
centre  of  the  instrument,  the  specimen  can  be  adjusted  to  suit 
that  special  spot.  In  practice,  however,  such  a  proceeding  is 
very  rarely  needed.  A  well-polished  and  moderately-etched 
steel  or  brass  specimen  can  be  mounted  and  levelled  in  this 
instrument  in  less  than  a  minute  with  a  degree  of  accuracy 
sufficient  to  make  it  possible  to  examine  the  entire  area  of 
a  specimen  0*5  inch  square  under  a  magnification  of  400 
diameters  without  appreciable  re-focussing.  Such  accuracy  of 
levelling  is  not  only  an  immense  advantage  in  photographing 
specimens  under  the  microscope,  but  for  extended  visual  sur- 
veys of  large  areas  of  specimens  it  avoids  a  great  part  of  the 
ocular  fatigue,  which  is  undoubtedly  due  to  the  constant  re- 
focussing  required  with  badly-levelled  specimens.  The  general 
appearance  of  the  little  instrument,  which  has  been  constructed 
to  the  author's  design  by  Messrs.  R.  &  J.  Beck,  Limited,  is 
shown  in  the  photograph,  Fig.  2. 


Furnace  for  Thermal  Curves  (Heating  and  Cooling). 

In  the  endeavour  to  obtain  greater  accuracy  and  delicacy 
in  the  preparation  of  heating  and  cooling  curves,  and  more 
particularly  in  trying  to  render  such  curves  available  for 
accurate  quantitative  interpretation,  it  has  always  been  con- 
sidered desirable  to  obtain,  if  possible,  some  means  of  heating 
and  cooling  specimens  of  metal  at  any  desired  constant  rate. 
The  older  methods  of  heating  and  cooling  such  specimens 
consisted  in  simply  heating  them  up  and  allowing  them  to 
cool  down  in  some  suitable  small  furnace,  heated  either  by  a 
gas  flame  or  electrically.  Endeavours  have  been  made,  both 
by  the  author  and  by  others,  so  to  control  the  supply  of  heat, 
both  during  heating  and  cooling,  as  to  regulate  the  rate  and 
to  render  it  as  uniform  as  possible.  This  effort  has,  however, 
always  met  with  grave  difficulties.  Their  nature  will  be  readily 
understood  from  the  case  of  the  cooling  furnace.     When  very 
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hot,  a  furnace  tends  to  cool  down  at  an  excessively  rapid 
rate ;  when,  on  the  other  hand,  the  furnace  is  approaching  the 
ordinary  temperature,  say  at  200°  or  300°  C,  then  the  rate  of 
cooling  becomes  excessively  slow.  It  is  quite  easy  to  reduce 
the  rapid  rate  of  cooHng  at  high  temperatures,  either  by  a 
suitable  supply  of  heat  or  by  lagging,  but  the  slow  rate  of 
cooling  at  low  temperatures  can  only  be  avoided  by  making 
the  furnace  thermally  very  inefficient,  i.e.  by  dispensing  with 
practically  all  "  lagging."  Even  then  only  moderately  rapid 
rates  of  cooling  can  be  attained  if  the  range  of  the  work  is  to 
extend  below  300°  C,  and  for  much  modern  work  these  lower 
temperatures  are  very  important. 

A  means  of  overcoming  these  difficulties  has,  however, 
occurred  to  the  author,  and  has  recently  been  worked  out 
in  the  Metallurgy  Department  of  the  National  Physical  Labo- 
ratory. This  consists  in  a  tubular  furnace  in  which  a  regular 
temperature  gradient  is  established  and  steadily  maintained, 
while  the  specimens  whose  heating  and  cooling  curves  are  to 
be  taken  are  moved,  at  any  desired  rate,  from  the  cold  to  the 
hot  end  of  the  furnace,  or  vice  versa.  In  order  to  realize  this 
idea,  vertical  tube  furnaces  have  been  constructed ;  the  tubes 
are  closed  at  the  hot  end,  and  may  be  used  with  the  hot  end 
either  at  the  top  or  the  bottom.  In  order  to  obtain  a  uni- 
form gradation  of  temperature  from  one  end  of  the  furnace 
to  the  other,  it  was  at  first  thought  necessary  to  employ  elec- 
trical resistance  winding,  quite  closely  spaced  at  the  hot  end 
and  Avound  with  increasingly  wider  spacing  towards  the  cold 
end.  This  arrangement  certainly  resulted  in  an  even  tempe- 
rature gradient,  but  it  was  found  to  be  so  slight  that  furnaces 
of  very  great  length  would  have  been  required  to  cover  the 
range  from  200°  C.  to  1000°  C,  which  was  aimed  at.  With 
the  refractory  tubes  (fireclay)  and  the  lagging  of  "  Magnesia 
Sectional  Covering "  employed,  it  was  found  sufficient  to 
place  a  close  electrical  winding  on  a  length  of  rather  less 
than  6  inches  at  the  hot  end  of  the  tube,  conduction  and 
radiation  being  sufficient  to  give  a  uniform  temperature 
gradient  through  the  remaining  length — of  about  2  feet — 
of  the  furnace  tube.  A  cross-sectional  sketch  of  one  of  these 
furnaces  is  shown  in  Fig.  3,  which  is  approximately  to  scale. 
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Such  a  furnace  runs  with  the  hot  end  at  1000°  C.  with  a 
current  of  10  amperes  at  100  volts,  taken  from  a  large 
storage  battery.  In  order  to  afford  certainty  as  to  the  steady 
running  of  the  furnace,  a  subsidiary  thermocouple  is  perma- 
nently fixed  in  the  hottest  part  of  the  tube,  and  its  readings 
serve  as  a  guide  to  the  behaviour  of  the  furnace.  The  fur- 
naces have  had  to  be  re- wound  several  times,  but  after  each 
renewal  the  temperature  distribution  was  found  to  be  practi- 
cally unchanged. 

The  manner  in  which  the  speci- 
mens are  handled  in  these  furnaces 
depends  upon  their  nature,  and 
particularly  upon  whether  they  are 
to  be  melted  or  not,  and  whether 
they  are  to  be  heated  "  in  air "  or 
in  vacuo  or  a  special  atmosphere. 
Specimens  which  are  to  be  melted 
must,  of  course,  be  contained  in  a 
suitable  crucible,  while  such  a  con- 
tainer is  better  dispensed  with 
where  transformations  in  the  solid 
only  are  to  be  studied.  Where 
heating  and  cooling  in  vacuo  or  in 
a  special  atmosphere  is  required, 
the  specimen  is  placed  in  the  sealed 
lower  end  of  a  wide  silica  tube, 
whose  upper  end  is  closed  with 
an  indiarubber  stopper  through 
which  are  passed  a  glass  tube 
leading  to  a  stopcock  and  the 
wires  of  the  thermocouple.  This  arrangement  is  shown  dia- 
grammatically  in  the  sketch  of  Fig.  4  (a).  The  whole  tube, 
with  the  specimen  enclosed  in  it,  can  be  carried  away  to  be 
exhausted  or  filled  with  any  desired  gas.  The  upper  end  of 
the  tube  is  then  suspended  by  a  suitable  hook  or  wire  from 
the  raising  and  lowering  gear  attached  to  the  furnace,  and  is 
then  bodily  lowered  into  or  raised  out  of  the  furnace. 

Specimens  which  do  not  require  protection  from  the  air  are 
more  simply  placed  in  a  small  crucible  which  is  suspended 
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by  a  "  Nichrome "  wire  from  the  raising  and  lowering  gear, 
the  thermocouple  wires  passing  down  to  the  specimen  through 
long,  narrow-bore,  silica  tubes,  which  are  attached  to  the  sus- 
pending wire.  In  both  cases  it  will  be  seen  that  the  thermo- 
couple wires  travel  up  and  down  with  the  specimen,  and  it  is 
consequently  necessary  to  carry  the  cold-junction  or  ice-box 
up  and  down  at  the  same  time.  For  this  purpose  a  small 
size  of  vacuum  flask  ("Thermos"  flask)  is  employed  as  ice- 
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box,  and  this  can  be  readily  attached  to  the  upper  end  of 
the  suspending  wire,  so  that  it  will  move  up  and  down,  above 
the  furnace,  in  unison  with  the  specimen.  From  the  ice-box 
flexible  copper  leads  run  to  the  potentiometer.  The  general 
appearance  of  these  furnaces  in  working  order  is  seen  in 
the  photograph  (Fig.  5),  the  two  methods  of  suspending  the 
specimens  being  shown  in  Fig.  4  (a)  and  (h). 

A   typical    "  inverse-rate "    curve    taken    in    one   of    these 
furnaces  is  reproduced  on  a  reduced  scale  in  Fig.  G,  where 
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both  heating  and  cooHng  curves  are  given.  The  curve  was 
taken  from  an  alloy  containing  ahiminium  45  per  cent., 
zinc  45  per  cent.,  and  copper  10  per  cent.,  and  incidentally 
serves  to  illustrate  the  great  complexity  of  these  ternary 
alloys.  The  curve  serves  to  show  the  generally  "  vertical " 
type  of  the  curve  wherever  heat  evolutions  or  absorptions 
are  absent,  thus  proving  that  the  rate  of  change  of  tem- 
perature, during  both  heating  and  cooling,  is  approximately 
constant   throughout  the  entire  range  of  temperature.     The 

curve  of  Fig.  6  was  taken  by  means 
of  observations  recorded  on  an  ordi- 
nary chronograph  tape.*  A  typical 
"  blank  "  curve  of  one  of  the  fur- 
naces, taken  by  cooling  a  specimen 
of  pure  copper,  is  reproduced,  also 
on  a  reduced  scale,  in  Fig.  7.  This 
curve  is  of  interest  not  only  as 
showing  the  smoothness  and  ap- 
proximately vertical  character  of 
such  a  "  blank,"  but  also  because  it 
has  been  obtained  direct  from  the 
actual  observations  as  recorded  with 
the  tapping-key,  without  the  inter- 
vention of  hand-plotting  or  reduc- 
tion of  any  kind.  The  curve  is 
thus  a  test  of  the  accuracy  of  the 
entire  installation,  including  the 
new  "  plotting  chronograph  "  to  be 
described  in  the  next  section. 
The  method  of  taking  thermal  curves  described  above, 
by  moving  the  specimen  into  and  out  of  a  heated  furnace, 
possesses  a  number  of  additional  advantages.  Thus  the  rate 
of  heating  or   cooling  can   be  varied  within  wide   limits  by 


*  The  points  recording  two  observations  in  each  curve,  indicated  by  a  small  circle, 
are  to  be  disregarded ;  these  points  occur  where  a  step  on  the  potentiometer  has  been 
used  to  bring  the  galvanometer  back  across  the  scale.  A  minute  error  in  the  electrical 
adjustment  leads  to  one  irregular  reading  at  these  "  change-over"  points  which  are  con- 
sequently traceable  in  all  the  curves.  While  it  is  hoped  ultimately  to  eliminate  these 
irregularities,  they  are  of  no  importance  in  the  curves  as  now  produced,  since  they  occur 
at  known  regular  intervals,  and  are  readily  identified. 


Met  a  //ograpk  ic  Re  sea  rcJi 


169 


0 

w 

^^7  Seconds 

i 

1 

10           20 

1              < 

50  Seconds 

i 

• 

\ 

> 

\ 

• 

•i 

» 

,.      --* 

[ 

i 

i 

t 

* 
* 
4 

:  0 

t® 

^fc 

: 

Uj 

"•» 

; 

$! 

/ 

> 

^ 

<, 

{ 

^     X 

<^ 

_  — _^—  -m.^ 

^      y 

,,-' 

,<" 

!^    -  ' 

> 

^i 

1 

\     i 

i 

\ 

/ 

^ 

I 

< 

♦ 

u 

j 

*  tf 

: 

N 

/ 

• 

-9 

1 

\ 

:  ■ 

1 

\ 

« 
4 

^ 

i 

• 

V 
t 

1 

--»-.     » 

^ 

^  — 

t 

Q 

t' 

\ 

,^ 

> 

****■•  * 

* 

f 

^  , , 

—     —    — 

4      • 

f 

1 

\ 

f 

\ 

Fig.  6. 


170  Rosenhain  :  Some  Appliances  for 


\I0" 


950°C 


goor 


i^f"__j 


30' 


JO" 


^OO'C 


GOO'C 


^u  _._/'^'_    _    /f 


800'C 


i 


\I0^  __    \20"_  _  _  \30^ 


300'C 


500' C 


70or 


Boor 


Fig. 


Metallographic  Research  171 

simply  altering  the  rate  at  which  the  specimen  is  moved  into 
or  out  of  the  furnace.  In  the  actual  apparatus  as  installed, 
the  raising  and  lowering  of  the  specimens  is  accomplished  by 
means  of  a  small  electric  motor  (seen  at  the  bottom  of  Fig.  5) 
working  through  reduction  gearing  to  a  spindle  on  which  a 
flexible  steel  Avire  is  slowly  wound  up.  By  changing  the 
resistances  in  the  field  of  the  motor,  wide  variations  of  speed 
are  obtainable.  The  uniformity  of  the  rate  of  raising  or 
lowering  is  not,  however,  adequate  for  the  degree  of  accuracy 
aimed  at ;  this  arises  partly  from  variations  in  the  speed  of 
the  motor  in  spite  of  the  fact  that  it  is  driven  from  a  storage 
battery,  and  partly  from  inaccuracies  in  the  gearing.  Both 
these  difficulties  can  be  readily  overcome  by  adopting  a  simple 
gravity  drive  controlled  in  some  convenient  and  reliable 
manner,  such  as  an  hydraulic  cylinder  with  a  relief  valve 
whose  width  of  opening  can  be  regulated  to  allow  of  any 
desired  rate  of  motion. 

It  is,  further,  of  interest  to  note  that  the  rate  of  heating  or 
cooling  is,  in  this  method,  almost  independent  of  the  size  of 
the  specimen  employed,  so  that  at  least  one  of  the  reasons 
formerly  advanced  in  favour  of  the  use  of  larger  specimens 
for  thermal  work  now  no  longer  applies.  The  characteristics 
of  the  method  also  aftect  the  shape  which  the  specimen 
should  be  given  in  order  to  obtain  the  best  results.  When  a 
specimen  is  heated  in  an  ordinary  furnace,  a  certain  tempera- 
ture-gradient is  set  up  within  the  specimen,  which  is  hottest 
(during  heating)  over  its  entire  external  surface  and  coldest 
at  the  centre ;  during  cooling  in  a  stationary  furnace  this  is 
reversed.  But  in  the  tube  furnace  with  graded  temperatures, 
one  end  of  the  specimen,  i.e.  that  which  faces  the  hotter  part 
of  the  furnace,  will  always  be  hotter  than  the  rest  of  the 
specimen,  and  the  temperature-gradient  will  extend  throughout 
the  length  of  the  specimen,  the  middle  of  the  specimen  being 
therefore  very  nearly  at  the  mean  temperature  of  the  whole. 
The  actual  differences  of  temperature  which  exist  between  the 
two  ends  of  the  specimen  will,  of  course,  be  very  small  if  the 
rate  of  heating  or  cooling  is  moderate,  but  for  a  given  rate 
of  heating  or  cooling  they  will  be  least  the  flatter  or  shorter 
the  specimen.     It  thus  becomes  desirable  to  use  a  specimen 
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of  squat  form.  Theoretically  the  best  form  would  be  a  flat 
ellipsoid  with  the  thermo-j  unction  placed  at  the  centre,  but 
in  practice  a  short  flat  cylinder  is  more  convenient,  and  has 
proved  very  satisfactory. 

The  method  of  heating  and  cooling  here  described,  although 
primarily  devised  for  the  purpose  of  rendering  the  inverse-rate 
method  more  accurate  and  satisfactory,  is  equally  applicable 
to  the  difference  method  in  which  the  temperature  of  the  speci- 
men is  compared  with  that  of  a  platinum  blank  heated  along 
with  it.  In  the  present  method  the  platinum  comparison  piece 
and  the  specimen  under  investigation  must  be  placed  side  by 
side,  and  they  should  preferably  be  of  semi-cylindrical  shape. 
Incidentally  this  arrangement  has  the  advantage  that  one 
of  the  wires  of  the  differential  thermocouple  need  only  be 
very  short. 

Plotting  Chronograph. 

The  process  of  taking  lengthy  thermal  curves  with  numerous 
observed  points  by  means  of  a  tapping-key  and  ordinary 
chronograph  is  a  long  and  laborious  one.  Taking  observations 
approximately  every  2°  C.  over  a  range  of  800°  involves  the 
recording  of  400  marks  on  the  tape;  each  of  these  has  then 
to  be  counted,  and,  for  accurate  work,  fractions  of  a  second 
must  be  estimated.  Subsequently  the  figures  obtained  by 
this  counting  have  to  be  transferred  to  squared  paper  for  the 
purpose  of  obtaining  the  final  curve.  These  processes  also  tend 
to  introduce  errors  of  counting,  plotting,  &c.  All  these  dis- 
advantages are  avoided  by  using  one  of  the  autographic  recording 
devices  which  are  available  for  thermal  curves.  These  include 
the  Roberts-Austen  type  of  recorder  in  which  a  simple  time- 
temperature  curve  is  directly  recorded  on  a  photographic  plate 
or  paper,  and  the  Saladin  type  of  instrument  in  which,  by  the 
use  of  two  galvanometers  and  an  ingenious  optical  arrange- 
ment a  "  difi^erential  "  (or  better  a  "  difference  ")  curve  is  photo- 
graphically recorded.  While  useful  and  satisfactory  in  their 
way,  all  such  methods  fail — from  the  point  of  view  of  research 
work  aiming  at  high  accuracy — on  account  of  the  very  small 
scale  on  which  the  curves  are  necessarily  recorded.  The  scale 
usually  adopted  at   the  National   Physical   Laboratory  is   of 
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the  order  of  2  millimetres  per  second  and  2  millimetres  per 
2°  C.  On  this  scale,  a  time-temperature  curve  would  be  .SO 
centimetres  high  for  a  temperature  range  of  800°,  and  would 
have  a  width,  for  a  moderate  rate  of  cooling,  of  about  five 
times  that  amount,  viz.  4  metres.  By  the  use  of  the  inverse- 
rate  method  of  plotting,  this  is  reduced  to  quite  modest 
dimensions  so  far  as  the  time  ordinate  is  concerned.  At  all 
events  it  is  obvious  that  for  photographic  recording  a  scale 
less  than  one-tenth  of  that  named  would  have  to  be  adopted, 
owing  to  the  cost  and  difficulty  of  handling  larger  sizes  of 
plates  or  paper.  The  Roberts- Austen  photographic  recorder 
further  can  only  be  used,  for  a  continuous  curve,  by  employ- 
ing a  direct- deflection  galvanometer,  so  that  the  increased 
accuracy  obtainable  by  the  use  of  the  potentiometer  would  have 
to  be  sacrificed. 

In  view  of  these  considerations,  it  has  long  been  the 
endeavour  of  the  author  to  devise  means  whereby  the  inverse- 
rate  method,  working  with  a  delicate  potentiometer  and  an 
open  scale,  should  be  made  self-recording.  This  admittedly 
very  difficult  object  has  not  as  yet  been  fully  attained,  but  the 
instrument  described  below  represents  a  very  considerable 
step  in  that  direction.  The  human  observer  is  still  required 
to  tap  a  key  as  the  index-spot  of  the  galvanometer  passes 
over  certain  scale  divisions ;  but  that  is  the  only  function  he 
has  to  perform,  and  the  instrument  furnishes  the  inverse-rate 
curve,  plotted  to  an  adequately  open  scale,  direct  from  the 
tapping  of  the  key. 

The  plotting  chronograph — as  the  new  instrument  may 
perhaps  be  fitly  called — is  a  somewhat  complicated  piece  of 
mechanism,  but  the  principle  underlying  its  mode  of  operation 
is  very  simple,  and  can  be  readily  explained. 

In  order  to  plot  an  "  inverse-rate "  curve  in  the  required 
manner,  it  is  only  necessary  to  have  a  pen  moved  at  a 
regular  rate  over  a  drum  carrying  the  paper ;  when  the  key  is 
tapped  by  the  observer  the  pen  must  be  made  to  mark  the 
paper  at  the  point  which  it  has  then  reached,  and  then  the 
pen  must  be  immediately  retuiaied  to  its  zero  position,  while 
the  drum  is  simultaneously  advanced  one  step.  If  now  the 
pen  immediately  starts  out  again  upon  its  journey  at  the  same 
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steady  rate,  and  the  operations  are  repeated  when  next  the 
key  is  tapped,  the  result  will  be  a  series  of  points  on  the 
paper,  such  that  the  distance  of  each  point  from  the  zero  line 
is  proportional  to  the  time  during  which  the  p'en  has  been 
allowed  to  travel,  i.e.  to  the  time-interval  which  has  elapsed 
since  the  previous   observation.      It  is   simply   a    matter   of 
allowing    a    moving   pen    to    accomplish   a   certain  length  of 
journey  before  it  is  returned  to  zero  by  the  tapping  of  the 
key.      There  is,  however,  an  important  point  which  has  been, 
for  the  sake  of  simplicity,  ignored  so  far ;   this  is  the  question 
of  the  time  occupied  by  the   pen  in  returning  to  zero.     It 
must  be  borne  in  mind  that  what  is  to  be  recorded  is  the 
time-interval  which   elapses    between  successive  observations 
{i.e.  tappings  of  the  key),  whereas  the  travel  of  the  pen  merely 
records   the   time   which    elapses  from  the  moment  the  pen 
starts  out  again  upon  its  journey.     This  is  equal  to  the  true 
interval  minus  the  time  of  the  return  stroke.     If  the  pen  had 
always  to  return  through  the  same  distance,  this  would  not 
matter,  but  where  there  are  peaks  on  a  curve,  the  distance 
through  which  the  pen  has  to  be  returned  may  vary  from  a 
few  millimetres  to  20   or  30   centimetres,  and  serious  errors 
would    be   introduced.       The   matter   may  perhaps  be  made 
clearer  by  a  simple  numerical  example.      Suppose   that  the 
observed  time  intervals  are  regularly  ten  seconds,  and   that 
the    pen   requires   one   second    to   return   to    zero  from    that 
distance  of  travel ;   the  pen  will  then  travel  outwards  during 
nine  seconds  each  time.     If,  however,  a  longer  interval  now 
occurs — say  of  twenty  seconds — the  pen  has  twice  as  great  a 
distance  to  return,  and  will  occupy  two  seconds  in  the  return 
stroke.      From    the    next    interval   as  plotted,   therefore,  two 
seconds  would  be  deducted  by  the  instrument  instead  of  the 
normal  one  second,  and  the  shape  of  the  curve  would  thereby 
be  distorted.      In  order  to  avoid  this  source  of  error,  therefore, 
it  has  been  necessary  to  devise  some  means  whereby  the  pen 
is  given  a  period  of  rest  of  constant  length,  this  period  being 
measured  from  the  instant  when  the  key  is  tapped.     Provided 
that  this  constant  period  of  rest  is  long  enough  to  cover  the 
time  of  the  return  stroke  from  the  longest  excursion  which 
the  pen  can  take,  then  the  length  and  duration  of  the  return 
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stroke  are  entirely  eliminated,  and  the  points  marked  by  the 
pen  are  proportional  to  the  actual  time  intervals  between 
tappings  of  the  key,  from  each  of  which  the  length  of  the 
period  of  rest  has  been  deducted.  The  instrument  was 
designed  so  that  this  period  of  rest  should  be  four  seconds, 
so  that  the  pen  should  never  start  out  on  a  fresh  journey  until 
four  seconds  had  elapsed  since  the  key  had  last  been  pressed. 

A  number  of  possible  methods  of  reahzing  the  design  out- 
lined above  suggested  themselves,  but  the  one  adopted — after 
consultation  with  the  Cambridge  Scientific  Instrument  Com- 
pany, to  whom  the  task  of  constructing  the  instrument  was 
allotted — is  indicated  in  the  diagrams,  Figs.  9  and  10,  while 
Fig.  8  shows  the  general  appearance  of  the  actual  instrument. 

The  instrument  is  provided  with  two  vertical  spindles, 
A  and  B,  in  the  diagram  of  Fig.  9,  carrying  small  discs  ;  these 
are  driven  by  a  small  electric  motor  at  a  constant  rate  in 
opposite  directions.  The  disc  A  travels  at  such  a  rate  that 
its  periphery  moves  2  millimetres  per  second  :  the  disc  B 
travels  at  more  than  ten  times  this  speed.  Running  on 
guides  between  these  two  discs  is  the  light  wooden  bar  CC, 
carrying  the  pen  P  ;  below  this  is  the  drum  M.  Normally, 
the  bar  CC  is  held  firmly  against  the  disc  A  by  the  pressure 
of  the  spring  S  acting  through  the  rollers  RR.  While  in  this 
position  the  bar  CC  travels  outwards  to  the  left  at  the  same 
rate  as  the  periphery  of  disc  A,  i.e.  2  millimetres  per  second. 
When,  however,  the  tapping- key  is  pressed,  a  circuit  is  closed, 
which  excites  the  powerful  electro-magnet  III,  and  this  over- 
comes the  tension  of  the  spring  S,  and  presses  the  bar  CC 
against  the  disc  B.  The  bar  immediately  begins  to  travel  in 
the  reverse  direction  at  a  high  speed,  and  is  thus  rapidly 
returned  to  the  zero  position.  In  order  to  provide  the  "  period 
of  rest "  referred  to  above,  however,  an  arrangement  is  intro- 
duced Avhereby  the  electro-magnet  III,  being  once  excited, 
remains  in  action  for  a  definite  period  (four  seconds),  and 
during  that  time  the  bar  CC  is  held  away  from  the  disc  A. 
At  the  end  of  the  four-second  period  of  rest,  the  circuit 
through  the  magnet  E  is  automatically  broken,  and  the  bar 
flies  back  against  disc  A  under  the  action  of  the  spring  S.  and 
immediately  starts  upon  its  outward  journey.     In  addition  to 
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working  the  magnet  III,  and  the  device  connected  with  the 
"  period  of  rest,"  the  closing  of  the  tapping-key  circuit  first 
excites  a  small  electro-magnet  attached  to  the  pen  and  causes 
the  pen  to  descend  sharply,  thus  marking  a  point  in  the 
paper ;  as  soon  as  the  release  of  the  key  breaks  the  circuit,  a 
pawl  and  ratchet-wheel  arrangement,  acting  under  a  spring, 
advances  the  drum  by  a  definite  step,  thus  providing  the 
second  co-ordinate  of  the  curve.  In  this  way  each  step  of 
the  drum  corresponds  to  one  observation,  and  since  observa- 
tions are  taken  at  regular  intervals  of  temperature,  the  steps 
of  the  drum  provide  the  temperature  scale  of  the  curve. 

Although     thus     fairly    simple     in     principle,    the    actual 
mechanical  and  electrical   arrangements   involved   are   some- 
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what  complex.  They  can,  however,  be  followed  from  the 
diagram  of  Fig.  10.  The  first  step  in  the  sequence  of  opera- 
tions is  the  closing  of  the  tapping-key  K  ;  this  excites  the 
first  electro-magnet  (I)  which  overcomes  the  spring  (1)  and 
attracts  the  armature  («).  The  descent  of  this  armature  {a) 
first  closes  the  secondary  circuit  which  excites  the  electro- 
magnet II  and  thereby  depresses  the  pen  P  upon  the  drum. 
The  descent  of  the  armature  (a),  however,  produces  two 
additional  effects.  First,  it  moves  an  arm  carrying  a  pawl  P 
in  such  a  way  that  the  pawl  passes  over  two  teeth  of  a  ratchet- 
wheel  R  connected  with  the  drum — consequently,  when  the 
tapping-key  is  raised  and  the  armature  (a)  is  released,  this 
arm,  by  means  of  the  pawl,  advances  the  ratchet-wheel  through 
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a  corresponding  distance  and  thus  moves  the  drum  on  by  a 
suitable  step.  Secondly,  the  descent  of  the  armature  («) 
releases  a  stop  which  in  the  normal  position  serves  to  prevent 
the  rotation  of  a  small  cylinder  C  which  is  connected  to  the 
driving  gear  of  the  discs  A  and  B  (Fig.  9)  by  means  of  a  light 
friction  clutch.  This  cylinder  is  arranged  to  act  as  a  contact- 
breaker  or  commutator.  It  is  simply  a  brass  cylinder  in 
which  a  longitudinal  strip  of  ebonite  (e)  is  introduced.  Two 
contact  brushes  or  springs  (^,  _p)  bear  upon  this  cylinder; 
when  arrested  by  the  stop  referred  to  above,  these  springs 
bear  on  the  ebonite  strip  (c),  but  during  the  revolution  of  the 
cylinder,  which  begins  as  soon  as  the  tapping-key  circuit  has 
been  closed  and  the  armature  («)  has  descended,  these  two 


Fig.  9. 

brushes  bear  on  the  brass  of  the  cylinder  which  serves  to 
close  the  circuit  between  them.  When  the  tapping-key  is 
released,  while  the  commutator  cylinder  C  continues  its  re- 
volution until  it  meets  the  stop,  the  release  of  the  armature 
(«)  causes  a  contact  to  be  made  at  g,  q,  in  the  circuit  of  the 
electro-magnet  III.  This  is  identical  with  the  electro-magnet 
similarly  marked  III  in  Fig.  9,  which  serves  to  actuate  the 
reversing  mechanism  for  the  movement  of  the  bar.  So  long 
as  the  commutator  cylinder  is  still  moving  this  circuit  will 
remain  completed  through  the  contact  brushes  j),  |9,  and  the 
magnet  will  remain  active  and  will  hold  the  bar  against  the 
fast-moving  return-driving  disc.  As  soon,  however,  as  the 
commutator  returns  to  its  position  of  rest  against  the  stop  the 
circuit  through  III  is  broken  and  the  bar  returns  to  contact 
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with  the  out-driving  disc  (A,  Fig.  9),  and  is  thus  permitted  to 
begin  its  next  outward  journey.  For  the  sake  of  clearness  in 
following  these  somewhat  complicated  operations,  the  sequence 
of  events  may  be  summarized  as  follows  : 

1.  The   observer   depresses   the   tapping-key,   and  thereby 
excites  the  electro-magnet  I,  depressing  armature  {a). 

2.  The  movement  of  armature  {a)  results  in ; 

(1)  The  closing  of  the  circuit  through  the  pen-mag- 

net II,  which  causes  the  pen  to  mark  the  paper. 

(2)  The  movement  of  the  pawl   P  over  the  ratchet- 

wheel  R. 

(3)  The  release  of  the  commutator  cylinder  C  from  the 

stop  holding  it,  and  the  consequent  commence- 
ment of  a  revolution  by  the  commutator  cylinder. 


Fig.  10. 

3.  The  release  of  the  armature  (a)  when  the  tapping-key 
is  released  then  leads  to  the  following  results  : 

(1)  The  circuit  through  the  pen-magnet  II  is  broken, 

and  the  pen  is  lifted  from  the  paper. 

(2)  The  pawl  P  moves  the  ratchet-wheel  on  by  two 

teeth,  and  this  movement  actuates  a  correspond- 
ing movement  of  the  drum. 

(3)  The  contact  q,  q  is  closed,  and  remains  closed  until 

the  tapping-key  is  again  used.  Consequently,  as 
soon  as  the  commutator  cylinder  has  moved  far 
enough  to  remove  the  ebonite  strip  (e)  from  con- 
tact w^ith  the  brushes  |),  j9,  the  circuit  through  the 
electro-magnet  III  is  closed  and  remains  closed 
until  the  rotation  of  the  commutator  is  com- 
pleted and  the  ebonite  strip  {e)  again  breaks  this 
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circuit.  During  this  time  the  pen-bar  is  returned 
to  zero,  and  held  there. 

In  the  instrument  as  actually  constructed,  certain  addi- 
tional devices  have  been  introduced  which  serve  either  to 
insure  more  perfect  working  or  allow  of  a  wider  range  of  use- 
fulness. One  of  these  is  a  small  electro-magnet  acting  as  a 
magnetic  brake  for  the  return  stroke  of  the  pen-bar.  The 
bar,  in  striking  against  the  stop  at  the  zero  position,  pushes  a 
small  iron  wire  core  into  an  electro-magnet,  which  is  excited 
at  that  particular  phase  of  the  operations,  and  this  serves 
both  to  take  the  shock  of  the  return  stroke  and  also  to  hold 
the  bar  firmly  against  the  zero-stop  until  the  moment  for  the 
commencement  of  the  return  stroke  arrives ;  the  brake- 
magnet  is  then  switched  off  at  the  same  time  as  magnet  III 
(Figs.  9  and  10). 

A  second  device  is  the  provision  of  a  two-speed  arrange- 
ment for  the  outward  movement  of  the  pen-bar.  At  the 
rate  of  travel  of  2  millimetres  per  second,  even  a  large  drum, 
measuring,  say,  40  centimetres  in  width,  would  only  allow  a 
maximum  interval  of  200  seconds  to  be  registered;  since 
much  longer  arrests  sometimes  occur,  particularly  in  connec- 
tion with  the  freezing  or  melting  of  a  pure  metal  and  of 
eutectic  alloys,  a  device  has  been  introduced  whereby  the 
outward  speed  of  travel  is  reduced  to  one-fourth  when  the 
pen  has  reached  the  middle  of  the  drum.  This  is  attained 
in  a  very  simple  manner  by  providing  a  second  driving  disc 
of  smaller  diameter  on  the  same  spindle  as  A  (Fig.  9),  but 
immediately  below  the  larger  disc.  The  wooden  bar  CC 
(Fig.  9)  is  so  shaped  that  for  a  distance  equal  to  half  the 
width  of  the  drum,  it  bears  against  the  large  disc  A,  but 
after  that  the  bearing  is  upon  the  smaller  disc,  with  a  corre- 
sponding reduction  in  the  speed  of  travel.  In  addition,  the 
speed  of  the  disc  A  itself  can  be  varied  by  a  simple  change 
of  gear-wheels.  By  another  simple  movement  of  a  stop  the 
amount  by  which  the  drum  is  moved  forward  can  be  altered 
in  the  ratio  of  two  to  one,  so  that  both  the  time  and  the 
temperature  scales  of  the  curves  drawn  by  the  instrument 
can  be  varied  to  suit  different  purposes. 

From  the  description  which  has  been  given  above,  it  will 
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be  seen  that  the  action  of  the  instrument  is  correctly  described 
as  that  of  a  "  plotting  chronograph,"  and  its  value  must  depend 
upon  the  accuracy  of  which  it  is  capable.  To  justify  the 
adoption  of  so  open  a  scale  as  2  millimetres  per  second,  a 
very  considerable  accuracy  is  required,  and  in  fact  the  result 
aimed  at  was  to  reduce  the  errors  due  to  the  instrument  itself 
to  less  than  one-tenth  of  a  second.     The  main  difficulty  which 

stood  in  the  way  of  attaining  this 
result  lay  in  regulating  the  run- 
ning of  the  electric  motor  to  a 
sufficient  degree  of  accuracy.  A 
first  attempt,  in  which  a  very 
light  motor  was  employed,  failed 
entirely,  but  with  a  heavier  motor 
fitted  with  a  very  sensitive  centri- 
fugal governor  which  throws  a 
regulating  resistance  into  or  out 
of  the  circuit  of  the  motor  accord- 
ing as  the  speed  rises  or  falls,  a 
_  very  close  approach  to  the  desired 
degree  of  accuracy  has  been 
attained. 

This  has  been  tested  by  replac- 
ing the  tapping-key  (K  in  the 
diagram  of  Fig.  10)  by  a  contact 
actuated  by  a  heavy  torsion  pen- 
dulum which  could  be  adjusted 
to  give  contacts  at  equal  intervals 
of  approximately  16  seconds.  If 
p,G.  11.  the    instrument    were    perfectly 

accurate,  the  result  would  be  a 
series  of  marks  lying  accurately  in  a  straight  line.  The  degree 
of  accuracy  which  has  been  attained  may  be  estimated  from 
Fig.  11,  in  which  a  short  portion  of  the  curve  obtained  by 
means  of  the  pendulum  is  reproduced  full  size  from  the  trace 
given  by  the  instrument ;  in  this  curve  the  inner  edge  of  each 
mark  must  be  taken  as  the  true  reading.  It  will  be  seen  at 
once  that  the  approach  to  a  straight  line  parallel  to  the  zero 
line  is    very    close — so    close,  indeed,   that    for   purposes  of 
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thermal  curves,  where  sources  of 
much  larger  errors  have  yet  to 
be  ehminated,  the  errors  of  the 
plotting  chronograph  are  entirely 
negligible.  A  "  blank  "  cooling 
curve  taken  with  the  plotting 
chronograph  in  the  vertical  tube 
furnace  has  already  been  illus- 
trated in  Fig.  7.  A  small  por- 
tion of  a  blank  heating  curve  is 
reproduced  nearly  full  size  in 
Fig.  12,  in  order  to  illustrate 
the  manner  in  which  experi- 
mental errors  and  errors  of  ob- 
servation appear  on  this  curve  as 
compared  with  the  "  automatic  " 
curve  drawn  by  the  pendu- 
lum. Further  to  illustrate  the  use 
and  behaviour  of  the  instrument, 
that  part  of  an  actual  thermal 
curve  showing  a  peak  is  repro- 
duced three-quarter  size,  Fig.  13. 
Complete  curves  taken  with  the 
new  instrument  are  given  in  the 
paper  by  Mr.  J.  L.  Haughton  in 
the  present  volume  of  this  Jour- 
nal, and  nothing  would  be  gained 
by  reproducing  further  examples 
on  the  necessarily  reduced  scale 
which  would  have  to  be  adopted 
— since  neither  the  perfections 
nor  the  imperfections  of  the 
curves  could  be  seen  on  a  reduced 
scale. 

In  conclusion,  it  may  be  in- 
teresting to  point  out  that 
although  the  human  element  is 
still  required  for  the  production 
of  these  curves,  and  serves,  in  fact. 
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to  introduce  some  of  the  residual  irregularities  still  found  in 
them,  yet  the  curves  traced  by  the  new  chronograph  have  a 
certain  validity  beyond  that  of  any  curve  plotted  by  hand,  in 
that  there  is  little,  if  any,  means  whereby  the  anticipations — 
or  wishes — of  the  observer  could  be  impressed  upon  the  curve. 
If,  for  instance,  a  transit  is  recorded  too  soon,  the  next  interval 
will  be  correspondingly  too  long,  and  two  points  lying  equally 
on  opposite  sides  of  the  true  fcurve  will  be  produced.  The 
instrument  acts,  in  a  certain  sense,  as  an  adding  machine  as 
well  as  a  recorder  of  time-intervals — since  there  can  be  no 
"  lost  time "  between  successive  observations.  While  this 
feature  involves  some  degree  of  inconvenience  if  an  observa- 
tion is  inadvertently  missed,  it  serves  as  a  valuable  check 
upon  the  observations  themselves. 

The  author  wishes  to  express  his  indebtedness  to  the 
Director  of  the  National  Physical  Laboratory,  Dr.  R.  T. 
Glazebrook,  C.B.,  F.R.S.,  for  his  sympathetic  attitude  towards 
the  evolution  of  the  appliances  described  in  the  present  paper  ; 
he  also  desires  to  express  his  obligation  to  various  members  of 
the  staff  of  the  Metallurgy  Department,  notably  to  Messrs. 
Archbutt  and  Haughton,  for  much  help  in  the  construction 
and  testing  of  the  various  appliances.  In  regard  to  the 
Plotting  Chronograph,  the  author  particularly  desires  to 
acknowledge  the  large  amount  of  time  and  trouble  which  has 
been  devoted  to  this  instrument  by  the  Cambridge  Scientific 
Instrument  Company. 
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DISCUSSION. 

Dr.  C.  H.  Desch  (Glasgow),  in  opening  the  discussion,  said  that  he 
felt  that  metallographers  had  great  cause  to  be  grateful  to  Dr.  Rosenhain 
for  many  improvements  in  the  technique  of  their  work,  and  particularly 
for  those  described  in  the  paper,  more  especially  the  second  article, 
because  the  question  of  obtaining  an  even  fall  of  temperature  during  the 
taking  of  cooling  curves  or  an  even  rise  of  temperature  during  the  taking 
of  heating  curves  was  of  fundamental  importance  when  thermal  work  was 
being  done.  So  far  as  he  knew,  the  only  successful  previous  attempt 
was  that  of  Plato,  which  was  used  in  making  thermal  diagrams  of  various 
fused  salts,  and  he  employed  a  current  passing  through  his  furnace  and 
a  resistance  wound  on  a  drum,  the  drum  being  rotated  by  a  motor  with 
sliding  contact,  and  in  that  way  very  nearly  a  straight  line  was  obtained 
for  the  cooling  curve  of  that  particular  furnace.  It  was,  however,  rather 
a  troublesome  arrangement,  and  on  rewinding  the  furnace  the  whole 
thing  would  be  upset,  and  it  had  not  been  generally  adopted  by  other 
workers  since.  The  arrangement  in  use  at  the  National  Physical 
Laboratory,  which  he  had  had  the  opportunity  of  seeing  at  work,  was 
so  simple  that  it  could  be  put  up  without  very  much  difficulty  in  any 
laboratory,  and  the  curves  given  in  the  paper  showed  the  extraordinary 
value  of  the  arrangement.  It  ought,  he  thought,  to  be  the  general 
arrangement  for  all  future  work  wherever  it  was  desired  to  get  accurate 
cooling  or  heating  curves.  With  regard  to  the  third  piece  of  apparatus, 
it  struck  him  as  being  remarkably  ingenious,  and  the  specimen  curves 
showed  very  great  accuracy.  The  peak  recorded  on  page  182  was  really 
a  beautiful  specimen  of  what  could  be  done  in  the  way  of  thermal  work. 
The  only  objection  was  quite  an  obvious  one :  the  apparatus  was  com- 
plicated and  consequently  expensive.  Apparatus  of  the  kind  was 
possible  in  such  places  as  the  National  Physical  Laboratory,  but  very 
few  investigators  outside  such  institutions  were  able  to  go  in  for  such 
luxuries.  That  one  objection  was  unavoidable.  He  had  no  doubt  that 
Dr.  Rosenhain  and  the  Cambridge  Scientific  Instrument  Company  had 
tried  to  simplify  the  mechanism.  Apart  from  the  question  of  expense, 
it  seemed  an  admirable  apparatus,  and  undoubtedly  the  chronographic 
method  of  working  was  the  most  convenient  in  the  production  of  cooling 
curves  when  a  considerable  degree  of  accuracy  was  required. 

Mr.  R.  S.  Whipple  (Cambridge)  said  that  he  would  first  of  all  like  to 
congratulate  Dr.  Rosenhain  on  the  simplicity  of  his  furnace.  The  Cam- 
bridge Scientific  Instrument  Company  had  frequently  been  asked  to 
devise  apparatus  by  means  of  which  the  heat  in  a  furnace  could  be 
slowly  and  evenly  varied,  and  complicated  rheostats  controlled  hydrauli- 
cally  had  been  devised  for  this  purpose,  but  none  of  them  were  so  simple 
as  Dr.  Rosenhain's  method.  He  asked  how  long  it  took  for  the  furnace 
to  reach  a  steady  state  when  the  temperature  was  1000°  C.  at  the  top 
and  200°  C.  at  the  bottom?  From  experience  gained  with  a  photo- 
spectroheliograph  he  would  like  to  urge  the  employment  of  a  hydraulic 
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cylinder  rather  than  a  motor  to  control  the  movement. of  the  iron  speci- 
men. It  was  almost  incredible  the  smoothness  of  movement  that  could 
be  obtained  from  a  piston  moving  in  a  hydraulic  cylinder.  In  the 
instrument  referred  to,  it  was  found  that  a  carriage  could  be  moved  at  an 
absolutely  uniform  velocity  during  twenty-four  hours. 

With  regard  to  the  chronograph,  Dr.  Rosenhain  had  been  very  kind 
in  referring  to  his  firm  for  the  way  in  which  they  had  worked  out 
the  instrument.  The  idea  was  Dr.  Rosenhain's,  and  his  firm,  in  the 
persons  of  Mr.  Horace  Darwin  and  Mr.  Mason,  had  evolved  the  details. 
It  was,  however,  due  to  one  of  these  gentlemen  that  the  quick-return 
mechanism  had  been  developed. 

He  also  congratulated  Dr.  Rosenhain  on  the  description  of  the  instru- 
ment. He  knew  from  experience  that  it  was  a  difiicult  thing  to  write  an 
intelligent  description  of  a  complicated  instrument,  and  he  could  only  say 
that  he  did  not  think  a  better  description  could  have  been  written  than 
the  one  given  by  Dr.  Rosenhain. 

Mr.  O.  F.  Hudson,  M.Sc.  (Birmingham),  said  that  the  members  were 
all  grateful  to  Dr.  Rosenhain  for  devising  the  apparatus,  which  would  go 
a  long  way  to  increasing  the  accuracy  in  metallographic  work.  Of 
course  there  was  the  rather  important  objection  that  had  been  referred 
to  by  Dr.  Desch — the  expense  of  the  third  instrument  described — and  it 
was  impossible  that  it  could  be  otherwise  than  expensive.  They  were, 
however,  almost  a  necessity  for  really  accurate  work.  The  only  other 
point  that  had  occurred  to  him  in  reading  the  description  of  the  chrono- 
graph was  the  question  of  the  rapid  release — whether  it  would  be  j^ossible 
to  use  two  pencils  instead  of  one,  allowing  one  to  rest  while  the  other  was  ^ 
in  use.     Such  a  modification  might  in  some  way  simplify  matters. 

Professor  A,  K.  Huxtixgton,  A.R.S.M.  (Past-President),  said  that  the 
Institute  was  to  be  congratulated  on  having  the  communication  from 
Dr.  Rosenhain — a  most  useful  contribution.  The  means  of  cooling  down 
a  specimen  was  particularly  interesting  to  him,  as  it  was  more  within  his 
reach  than  the  instrument  described  at  the  end  of  the  paper,  which  was 
a  luxury  very  few,  he  was  afraid,  would  be  able  to  attain  to.  The  prin- 
ciple of  the  system  of  gradual  heating  or  cooling  was  in  use  on  a  very 
large  scale  in  roasting  ores.  The  Chairman,  who  had  been  recently  in 
America,  must  have  come  across  furnaces  of  great  length  working  on  this 
principle,  ore  was  introduced  at  one  end  and  gradually  worked  through 
to  the  other ;  it  commenced  at  the  cool  end,  so  as  not  to  clot  the  ore,  and 
as  the  sulphur  was  burnt  out,  the  material  was  gradually  advanced  to 
a  hotter  and  hotter  region,  until  it  got  into  the  hottest  region  of  the  fur- 
nace, when  it  was  removed.  That  appeared  to  be  something  on  the  same 
principle  as  Dr.  Rosenhain  had  ingeniously  develoj)ed  and  introduced  to 
the  Institute. 

Professor  T.  Turner,  M.Sc.  (Vice-President),  said  that  he  had  been 
much  interested  in  reading  the  description  of  the  chronograph  because, 
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as  some  members  might  remember,  he  had  had  a  chronograph  working 
in  his  laboratory  for  some  time.  The  chronograph  had  two  series  of  dots, 
i.e.  two  separate  pencils  side  by  side  with  a  third  which  recorded  the 
seconds.  One  pencil  recorded  the  alteration  of  length  of  the  specimen 
and  the  other  recorded  the  changes  of  temperature.  It  had  been  found 
extremely  tedious  to  take  the  readings  and  go  through  the  tape ;  as 
Dr.  Rosenhain  had  said,  it  took  a  much  longer  time  to  get  the  figures 
into  a  curve  than  it  did  to  perform  the  experiment,  and  there  was 
always  the  possibility  of  some  slight  error  being  introduced.  Mr.  Haugh- 
ton  would  remember  the  work  involved  in  devising,  making,  and  working 
the  apparatus,  and  he  was  sure  they  found  its  use  very  tiring.  He 
understood  that  the  Cambridge  Scientific  Instrument  Company  was  not 
at  present  in  a  position  to  quote  for  the  apparatus,  not  having  had 
sufficient  experience  to  know  the  cost.  He  would  suggest  to  them  that, 
if  they  looked  at  the  matter  boldly,  and  perhaps  made  several  at  a 
moderate  price,  it  might  be  more  remunerative  to  them  than  making 
only  one  at  a  higher  price.  If  the  instrument  could  be  supplied  at 
a  price  within  the  range  of  laboratories,  doubtless  there  was  a  number 
of  laboratories  in  which  such  an  instrument  could  be  adopted  with 
Advantage. 

Mr.  J.  L.  Haughton,  M.Sc.  (Teddington),  said  that  he  only  wished 
to  remark  that  he  had  used  the  plotting  chronograph  on  several  occa- 
sions, and  that  the  amount  of  relief  obtained  from  working  with  it,  as 
compared  ^vith  the  ordinary  method  of  counting  seconds  on  a  tape,  had 
to  be  experienced  to  be  fully  realized.  It  saved  a  tremendous  amount  of 
time  and  a  considerable  strain.  Counting  out  hundreds  and  hundreds 
of  seconds,  and  estimating  them  to  tenths  of  a  second,  was  not  a  pleasant 
task,  and  it  was  a  task  one  had  to  do  one's  self,  as,  if  given  to  assistants, 
it  was  necessary,  for  one's  peace  of  mind,  to  go  over  the  counting  again 
to  see  that  it  was  right. 

With  regard  to  the  heating  and  cooling  curve  furnace,  the  curves 
shown  in  the  paper  spoke  for  themselves  as  to  the  remarkable  regularity 
that  could  be  obtained  with  the  furnace.  With  regard  to  the  levelling 
device,  at  first  sight  one  would  imagine  there  might  be  a  difficulty  in 
finding  the  spot  of  light,  but  unless  the  specimen  had  been  very  deeply 
etched  the  spot  could  be  seen  at  once,  and  the  specimen  could  be  levelled 
very  quickly.  In  the  paper  Dr.  Rosenhain  said  it  could  be  done  in  less 
than  a  minute,  and  he  thought  that  this  time  could  be  reduced  to  a 
quarter  of  a  minute,  as,  in  nine  cases  out  of  ten,  the  specimen  could  be 
levelled  up  very  quickly.  When  using  a  specimen  of  lead,  or  something 
of  that  kind  which  scratched  very  readily,  the  apparatus  was  exceedingly 
helpful. 

Mr.  S.  W.  Smith,  B.Sc.  (London),  said  that  he  would  like  to  ask 
Dr.  Rosenhain  if  a  proportionate  amount  of  the  time  and  skill  which 
had  been  given  to  the  improvement  of  the  chronographic  method  were 
devoted  to  developing  the  photographic  method,  it  would  not  be  possible 
to  evolve  a  cheaper  and  yet  proportionally  accurate  instrument  ? 
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Mr.  Arnold  Philip,  B.Sc.  (Member  of  Council),  said  that  lie  wished 
to  take  the  opportunity  of  expressing  his  delight  at  being  present  to 
hear  the  extremely  lucid  description  which  Dr.  Rosenhain  had  given  of 
his  beautiful  devices,  and  he  was  particularly  referring  to  the  plotting 
chronograph. 

According  to  Dr.  Rosenhain,  it  was  difficult  to  describe  this  apparatus, 
but,  if  so,  he  had  most  successfully  overcome  this  difficulty,  and  one 
could  readily  form  a  clear  idea  of  what  a  wonderful  improvement  had 
been  made.  The  members  would  live  in  hopes  that  in  future  Dr.  Rosen- 
hain would  be  able  to  devise  a  sort  of  glorified  peuny-in-the-slot  machine 
in  which  an  experimenter  would  put  in  at  one  end  a  coin  of  the  size  and 
weight  fixed  by  the  Cambridge  Scientific  Instrument  Company,  and  get 
out  at  the  other  end  a  complete  research. 

Mr.  L.  Archbutt  (Member  of  Council)  asked  if  Dr.  Rosenhain  had 
made  any  arrangement  to  put  the  furnace  for  taking  heating  and  cooling 
curves  on  the  market.  There  were  not  the  facilities  and  opportunities 
of  building  the  instrument  in  every  laboratory,  and  the  instrument  was 
such  a  very  valuable  appliance  that  if  it  could  be  sold  by  apparatus 
dealers  at  a  moderate  price,  it  would  probably  be  used  in  all  laboratories 
which  had  to  do  that  kind  of  work.  The  chronograph  was  another  kind 
of  question  altogether :  one  could  not  conceive  of  its  being  very  exten- 
sively used,  because  of  the  expense  necessarily  attaching  to  its  manufac- 
ture. One  point  had  occurred  to  him  in  connection  with  the  first  piece 
of  apparatus.  He  did  not  quite  follow  Dr.  Rosenhain  when  he  said  that 
the  difficulty  of  levelling  with  the  ordinary  ring  was  greater  with  a  large 
specimen  than  with  a  small  one,  and  that  therefore  his  instrument  was 
more  suitable  for  a  large  specimen.  Was  Dr.  Rosenhain  referring  there 
to  the  difficulty  of  levelling  the  specimen  or  the  difficulty  of  preparing 
a  plane  surface  on  a  large  specimen  ?  If  he  meant  that  it  was  more 
difficult  to  prepare  a  plane  surface  on  a  large  specimen,  he  quite  followed 
him,  but  then  he  did  not  see  where  the  advantage  of  his  apparatus  came 
in,  as  it  would  be  necessary  to  keep  changing  the  focus  just  the  same  as 
if  mounted  with  a  brass  ring.  He  considered  the  apparatus  generally 
to  be  a  most  ingenious  appliance.  It  could  be  readily  seen  that  in  many 
cases  it  would  be  very  useful,  especially  when  one  was  dealing  with  a 
chip  of  metal  like  a  piece  of  pig  iron  that  one  wanted  rapidly  to  level 
under  the  microscope.  He  should  like  to  add  his  congratulations  to  Dr. 
Rosenhain  for  the  great  ingenuity  he  had  exercised  in  devising  the  pieces 
of  apparatus,  and  for  his  lucid  explanation  of  them. 

The  Chairman  (Professor  H.  C.  H.  Carpenter,  M.A.,  Ph.D.,  Vice- 
President)  said  that  he  -vs-ished  to  associate  himself  very  cordially  with 
the  coQgratulations  that  had  been  ofi'ered  to  Dr.  Rosenhain  upon  his 
valuable  and  interesting  paper.  There  was  no  doubt  at  all  that  those 
who  were  interested  in  the  research  side  of  metallography  would  find 
the  instruments  were  valuable  additions  to  their  technique.  The  only 
doubt  which  had  been  expressed  was  on  the  subject  of  expense,  and  he 
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felt  sure  that  if  Dr.  Rosenhain  could  reassure  the  members  on  that 
point,  particularly  with  regard  to  the  chronograph,  many  of  them  would 
be  glad  to  avail  themselves  of  the  instruments. 

With  regard  to  the  furnace,  Dr.  Rosenhain  had  pointed  out,  perfectly 
correctly,  the  difficulties  of  supplying  heat  to  or  removing  heat  from  a 
furnace  uniformly  so  as  to  obtain  a  satisfactory  cooling  or  heating  curve, 
and  his  own  furnace  was  undoubtedly  a  very  satisfactory  one  in  which  that 
principle  was  secured.  There  was,  however,  an  additional  advantage  in 
the  furnace  which  Dr.  Rosenhain  had  not  mentioned,  and  that  was  the 
absence  of  contact  of  the  specimen  with  the  walls  of  the  furnace.  Any- 
body who  had  taken  a  heating  curve  of  an  alloy,  particularly  at  high 
temperatures,  say  about  1300°  C,  knew  that  there  was  a  certain  amount 
of  electric  leak,  and  that  in  passing  from  one  step  of  the  potentiometer 
to  the  next,  unless  there  was  good  insulation,  a  disturbance  of  the 
galvanometer  mirror  occurred.  That  difficulty  was  entirely  avoided  by 
the  instrument  Dr.  Rosenhain  had  described.  The  problem  of  supplying 
heat  uniformly  to  a  furnace  by  the  more  customary  method,  in  which 
the  specimen  examined  was  stationary,  had,  however,  been  solved.  He 
thought  that  Dr.  Desch  was  acquainted  with  every  paper  that  had  been 
published,  but  apparently  he  had  missed  one.  He  made  that  remark 
with  very  great  caution,  however,  because  Dr.  Desch  was  a  most  difficult 
man  to  catch  out  on  any  question  of  literature.  However,  last  year, 
when  he  was  in  Washington,  he  had  the  pleasure  of  taking  a  heating 
and  cooling  curve  on  the  apparatus  which  Messrs.  Burgess  and  Crowe 
had  devised  at  the  Bureau  of  Standards,  and  in  that  apparatus  they 
attained  their  object  of  a  regular  supply  of  heat  to  or  abstraction  of  heat 
from  the  furnace  by  means  of  alternating  current  and  a  salt  water  rheostat. 
Their  results  were  given  in  a  paper  entitled,  "The  Critical' Ranges  A2 
and  A3  of  pure  Iron,"  and  the  curves  could  be  compared  with  those 
given  by  Dr.  Rosenhain.  They  had  been  able  to  secure  such  conditions 
that  curves  could  be  taken  in  anything  from  a  few  minutes  to  several 
hours,  which  was  a  sufficiently  wide  experimental  range.  Having  worked 
with  the  instrument  himself,  he  could  say  that  it  gave  a  remarkably  con- 
stant rate  both  of  heating  and  cooling.  He  was  not  saying  that  in  any 
way  to  detract  from  the  instrument  Dr.  Rosenhain  had  described,  but 
merely  to  point  out  that  the  problem  had  been  solved  quite  satisfactorily 
in  another  way. 

Dr.  Rosenhain,  in  reply,  thanked  the  members  very  warmly  for  the 
kind  way  in  which  they  had  received  the  paper.  There  were  always 
difficulties  about  new  instruments,  and  the  difficulty  of  expense  so  far 
as  the  chronograph  was  concerned  was  a  serious  one,  but  the  other  two 
instruments  were  quite  cheap — so  cheap  that  he  thought  it  was  not 
beyond  the  range  of  every  laboratory,  and  even  of  private  workers,  to 
possess  them.  The  furnace  was  a  home-made  affair,  and  was  made  in 
the  laboratory  in  a  few  hours.  He  was  sure  there  would  be  no  difficulty 
whatever  in  inducing  any  maker  of  such  things  to  make  them.  At 
the  National    Physical  Laboratory  the  practice  was  followed  of  per- 
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mitting  any  apparatus  of  that  kind  made  at  the  laboratory  to  be  seen 
by  any  maker,  who  could  reproduce  it  if  he  ^vished  to  do  so.  With 
regard  to  the  articles  which  had  been  made  by  instrument  makers,  they 
were,  of  course,  to  that  extent  the  property  of  the  instrument  maker 
in  question.  With  reference  to  the  chronograph,  he  did  not  think  !Mr. 
Whipple  would  mind  if  anyone  else  tried  to  make  it — he  thought  he 
would  be  rather  glad  !  He  was  of  opinion  that  it  would  never  be 
possible  to  make  the  chronograph  for  much  less  than  £50,  even  if  quite 
a  number  were  made. 

Mr.  Whipple  said  that  was  the  price  he  had  mentioned  to  Professor 
Turner  if  several  of  the  instruments  were  made  at  one  time.  By  making 
several  the  price  could  be  considerably  reduced. 

Dr.  Rosenhain  said  it  was  a  rough  guess  on  his  part. 

Mr,  Philip  asked  whether  that  referred  to  the  whole  apparatus. 

Dr.  Rosenhain  said  it  referred  to  the  whole  of  the  chronograph 
described  in  the  third  section  of  the  paper.  It  might  sound  a  great  deal 
of  money  to  spend  on  making  an  instrument  of  that  kind — and  it  might 
even  be  called  a  luxury — but  it  was  a  matter  of  commercial  efficiency.  If 
one  had,  as  was  the  case  in  the  department  which  he  looked  after  at  the 
laboratory,  to  take  thermal  curves  all  day  and  every  day  all  the  year 
round — if  it  meant  that  instead  of  taking  one  curve  per  day  two  curves 
per  day  could  be  taken — the  money  would  be  quickly  saved.  Therefore, 
from  his  point  of  view,  it  was  not  a  luxury  but  a  means  of  saving  time 
and  money.  He  did  not  wish  anyone  to  go  away  with  the  idea  that  at 
the  National  Physical  Laboratory  they  had  any  superfluous  money  which 
could  be  spent  on  luxuries.  The  thing  was  not  a  luxury  in  the  condi- 
tions prevailing  at  the  laboratory.  It  would  be  a  luxury  to  a  man  who 
only  had  to  take  a  few  cooling  curves  in  a  year,  and  even  worse  than  a 
luxury,  because  he  would  probably  not  use  the  instrument  enough  to 
keep  it  in  order,  because  it  took  a  little  trouble  to  keep  in  order  in  its 
present  form.  With  regard  to  Mr.  Hudson's  ingenious  suggestion  of 
using  two  pencils,  that  had  occurred  to  him  as  possible,  but  the  complica- 
tions involved  were  very  considerable.  The  two  pencils  had  to  be  on  the 
same  track,  and  that  was  distinctly  difficult  to  secure.  He  thought  the 
present  arrangement  was  really  simpler.  He  began  with  the  idea  that 
the  return  of  the  pen  bar  should  be  produced  by  a  weight  acting  on  the 
bar,  but  the  arrangement  which  was  devised  in  Cambridge,  the  fast 
running  return  driving  disc,  was  better  and  neater,  and,  after  some 
modification,  it  worked  very  well. 

With  regard  to  the  resistance  furnace  and  the  work  of  Messrs.  Burgess 
and  Crowe,  he  was  quite  aware  of  their  work,  and  that  work  was  present 
in  his  mind  in  all  he  said.  He  had  seen  the  apparatus  in  Washington 
before  it  was  in  good  working  order,  Mr.  Crowe  having  shown  it  to  him. 
It  was  a  very  much  more  complicated  arrangement,  and  it  meant  that, 
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if  the  furnace  was  required  to  cool  quickly  at  a  low  temperature,  it  had  to 
be  prevented  cooling  quickly  at  a  high  temperature,  not  by  lagging,  but 
by  the  lavish  expenditure  of  electrical  energy.  Therefore  it  was  a  very 
inetiicient  and  wasteful  instrument  from  that  point  of  view,  a  great  deal 
of  energy  being  spent  in  preventing  the  furnace  cooling  very  fast  at  a 
high  temperature  in  order  to  allow  it  to  cool  at  a  moderate  rate  at  a  low 
temperature.  That  was  the  objection  he  had  to  the  instrument,  when 
quite  as  good  a  result,  if  not  better,  could  be  obtained  in  an  efficient  and 
simple  manner.  He  was  grateful  to  Professor  Carpenter  for  pointing 
out  the  advantage  of  the  absence  of  electric  contact  in  his  vertical  tube 
furnace.  He  had  been  quite  conscious  of  that  advantage  many  times, 
and  was  glad  to  have  it  pointed  out.  Mr.  Smith,  as  an  enthusiastic 
disciple  of  Roberts-A Listen,  had  asked  as  to  the  possibilities  of  the  photo- 
graphic method.  He  had  devoted  a  lot  of  attention  to  developing  the 
photographic  method,  but  had  found  no  easy  way  of  getting  a  rate  curve 
photographically.  The  only  method  was  that  of  Saladin,  using  two 
galvanometers  and  two  mirrors,  or  a  galvanometer  with  one  mirror 
driven  by  the  galvanometer  and  another  mirror  driven  by  a  clock. 
The  difficulty  of  getting  photographic  curves  on  a  large  scale 
had  proved  so  enormous,  and  he  had  spent  so  much  time  on  it  at 
the  laboratory,  that  he  abandoned  it  as  practically  hopeless.  The 
direct  temperature  curve,  to  be  of  anything  like  the  same  degree  of 
sensitiveness  and  perfection,  would  be  on  so  large  a  scale  that  the  cost  of 
photographic  material  would  be  prohibitive,  to  say  nothing  of  the  room 
occupied,  and  so  on.  One  never  knew  what  other  people  might  succeed 
in  doing,  and  if  a  simple  photographic  method  could  be  devised,  no  one 
could  be  more  pleased  than  he  should  be,  because  it  would  eliminate  the 
one  remaining  human  factor,  the  man  who  tapped  the  key.  He  was 
hoping  to  eliminate  that,  and  to  realize  the  ideal  which  Dr.  Arnold  Philip 
suggested — not  of  actually  putting  a  penny  in  a  slot  and  getting  out  a 
research,  but  of  putting's,  specimen  in  a  container,  turning  on  two  or 
three  switches,  and  coming  back  in  the  evening  to  find  a  heating  and 
cooling  curve  completed  !  It  was  essentially  a  mechanical  operation, 
and,  therefore,  why  should  a  trained  observer  waste  his  day  watching  a 
spot  of  light  on  a  scale  ? 

With  regard  to  the  question  asked  by  Mr.  Archbutt,  he  thought  Mr. 
Archbutt  had  slightly  misunderstood  what  had  been  said  about  the  large 
specimen.  There  was  no  difficulty  in  getting  a  large  specimen  reasonably 
flat  by  using  some  of  the  methods  adopted,  particularly  the  slow-running 
carborundum  discs.  The  difficulty  lay  not  in  being  unable  to  mount  a 
large  specimen  as  easily  as  a  small  one,  but  in  the  limit  of  accuracy  in 
mounting  with  a  brass  ring  at  all.  That  accuracy  might  be  sufficient  if 
one  only  desired  to  traverse  the  specimen  a  few  millimetres,  but  if  one 
wished  to  traverse  it  two  or  three  inches,  then  a  small  amount  of 
inaccuracy  in  levelling  became  serious,  because  it  was  necessary  to  go  on 
refocussing.  The  amount  of  refocussing  necessary  depended  on  the 
vertical  difference  of  level  between  extreme  points  of  the  specimen,  and 
that,  of  course,  was  much  greater  with  the  same  angle  of  tilt  in  the  larger 
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specimen  than  in  the  small  one.  That  was  all  he  had  in  mind  in  saying 
that  for  large  specimens  good  levelling  was  more  difficult  to  get ;  it 
required  greater  accuracy.  Mr.  Whipple's  suggestion  of  using  a  hydraulic 
cylinder  for  the  furnace  was  one  which  had  occurred  to  him,  and  such  a 
cylinder  was  very  nearly  completed,  and  would  no  doubt  give  better 
results  still.  In  conclusion,  he  thanked  the  members  for  their  very  kind 
reception  of  the  paper,  and  said  he  should  be  very  pleased  to  show  the 
instrument  to  anyone  who  cared  to  see  it. 


COMMUNICATIONS. 

Mr.  J.  L.  Haughton,  M.Sc.  (Teddington),  wrote  that,  with  reference 
to  the  levelling  of  tarnished  or  very  deeply  etched  specimens,  all  difficulty 
could  be  overcome  in  the  use  of  the  levelling  device  by  placing  a  thin 
cover  glass  on  top  of  the  specimen.  The  glass  then  would  act  in  place 
of  the  surface  of  the  metal. 

He  had  also  made  some  observations  on  the  time  required  to  level 
specimens,  and  had  found  that  it  varied  between  7  and  14  seconds  when 
the  surface  was  reasonably  untarnished,  the  average  time  of  10  observa- 
tions being  under  10  seconds.  When  using  a  cover  glass,  this  time  was 
lengthened  to  18  seconds  (5  observations). 

Mr.  F.  Johnson  M.Sc.  (Birmingham),  wrote  that  he  much  appreciated 
the  ingenuity  displayed  by  Dr.  Rosenhain  in  adding  to  the  scientific 
resources  of  the  metallurgist.  He  was  particularly  interested  in  the 
levelling  device  for  metallographic  specimens,  and  would  like  to  ask  Dr. 
Rosenhain  whether,  even  with  the  superior  accuracy  of  levelling  he  had 
obtained,  some  refocussing,  with  its  accompanying  ocular  fatigue,  was  not 
necessitated  by  the  majority  of  specimens  owing  to  the  difficulty  of  pre- 
paring a  perfectly  level  surface  in  the  polishing  operation.  He  (Mr. 
Johnson)  had  a  word  to  say  in  defence  of  the  parallel-ended  brass  rings. 
Errors  in  parallelism  of  the  glass  slip  might  be  neutralized  by  having  a 
ring  of  sufficiently  large  diameter  to  encompass  the  glass  slip  entirely. 
With  accurate  parallelism  in  the  brass  ring,  a  very  much  greater  degree 
of  accuracy  in  levelling  should  be  obtainable.  The  mounting  of  the 
specimen  would  be  carried  out  as  shown  in  the  accompanying  sketch. 


Specimen 
Plast/c/ne  - 


Gl/ISS  Sl/JB 


// 


G/./JSS  Sl/ib 
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Dr.  W.  EosENHAiN  wrote,  in  reply  to  Mr.  F.  Johnson,  that  a  small 
amount  of  refocussing  was  sometimes  necessary  even  with  most  perfectly 
levelled  specimens,  owing  to  imperfections  in  the  adjustment  of  the  micro- 
scope stage.  With  carefully  prepared  specimens  the  want  of  flatness  of 
the  polished  surface  was  very  small — it  could  be  detected  optically  by  the 
reflections  from  the  polished  surface,  but  should  not  be  enough  to  require 
refocussing.  Further,  the  larger  the  specimens  the  less  liable  were  they 
to  become  seriously  rounded.  The  writer  did  not  desire  to  depreciate  the 
utility  of  the  brass-ring  levelling  device,  but  the  difficulty  was  to  get  the 
rings  parallel  to  a  sufficient  degree  of  accuracy — and  if  so  large  a  ring  as 
that  suggested  by  Mr.  Johnson  were  employed,  it  would  be  liable  to 
accidental  damage.  Also,  the  disadvantage  that  the  polished  and  etched 
surface  of  the  si)ecimen  had  to  be  pressed  against  some  hard  surface 
could  not  be  avoided  in  the  parallel  ring  levelling  device. 

Mr.  Haughton's  determination  of  the  time  required  in  the  use  of  the 
optical  levelling  device  was  interesting — it  was  even  quicker  than  he  (Dr. 
Rosenhain)  had  thought.  He  had  tried  the  use  of  a  thin  cover-glass  on 
specimens  with  dull  surfaces  and  had  found  it  very  useful,  but  care  was 
required  to  avoid  scratching  the  surface. 


I 
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INTRODUCTION. 

The  examination  with  the  microscope  of  suitably  prepared 
specimens  has  become  one  of  the  most  profitable  methods  of 
investigation  in  studying  the  properties  of  metals  and  alloys, 
and  is  also  a  valuable  means  of  controlling  the  manufacture 
of  metallic  articles  and  of  testing  the  finished  products. 

The  preparation   of  the    specimen  is  carried  out    in    the 
following  stages : 

(a)   Selection  and  removal  of  a  piece  of  the  material  of 

suitable  size  and  shape. 
(&)  Filing  or  grinding  a  perfectly  flat  surface  which  is  to 

be  examined  by  the  microscope, 
(c)  Polishing  the  selected  surface,  usually  by  fine  grinding 
on    emery   papers    of   increasing  degrees  of   fineness, 
followed   by   wet   polishing   with    a  special   polishing 
powder  such  as  rouge,  alumina,  &c. 
{cl)  Treatment  of  the  polished  surface  in  order  to  reveal 
clearly  the  internal  structure  of  the  metal  when  the 
specimen  is  examined  by  the  microscope. 
The  present  paper,  which  was  undertaken  by  the  author  at 

*  Read  at  Annual  General  Meeting,  London,  March  19,  1915. 
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the  suggestion  of  the  Publication  Committee,  is  particularly 
concerned  with  the  final  stage  in  the  preparation  of  the  speci- 
men, although  the  effects  of  the  previous  operations  cannot 
always  be  ignored.  A  number  of  well-known  metallographists 
were  good  enough  to  place  their  experiences  of  this  subject  at 
the  author's  disposal,  but  the  present  abnormal  conditions 
have  made  it  impossible  to  obtain  or  expect  the  co-operation 
of  a  great  many  workers  of  repute.  Information  especially 
communicated  for  the  purpose  of  this  paper  is  acknowledged 
by  (c)  placed  after  the  names  mentioned. 

Commonly  the  methods  employed  to  reveal  the  structure 
on  the  polished  surfaces  of  metallographic  specimens  make 
use  of  the  selective  action  of  suitable  solvents,  and  hence  the 
term  Etching  Reagents.  Even  in  the  case  of  a  perfectly  pure 
metal  or  an  alloy  consisting  of  a  single  uniform  constituent, 
a  solvent  will  not  attack  the  surface  uniformly  but  will  dis- 
solve the  crystals  at  different  rates,  so  that  after  the  attack 
there  will  be  slight  differences  in  level  in  passing  from  t)ne 
crystal  to  another,  the  boundaries  of  the  crystals  showing 
up  as  black  lines  when  the  specimen  is  examined  under  ver- 
tical illumination.  The  appearance  of  the  crystal  boundaries 
as  black  lines  may  also  be  due  in  part  to  the  more  rapid 
solution  of  the  metal  immediately  at  the  boundaries  of  the 
crystals,  thus  giving  rise  to  a  very  narrow  channel  separating 
adjacent  crystals.  When  an  alloy  consists  of  two  or  more 
constituents  their  outlines  will  be  revealed  for  similar  reasons, 
and  if  the  method  is  a  simple  etching  the  constituents  will 
be  distinguished  by  differences  in  appearance  {e.g.  colour)  or 
arrangement.  Generally  speaking,  the  attack  of  the  etching 
reagent  also  produces  more  or  less  pronounced  roughening  of 
the  surface  of  each  crystal  and  staining  due  to  a  film  of 
oxide.  In  a  single  constituent  material  this  surface  staining 
serves  to  distinguish  each  crystal  by  differences  of  tint  or 
depth  of  colour  produced,  while  in  an  alloy  of  two  or  more 
constituents  certain  constituents  are  stained  (darkened)  while 
others  are  unaffected  or  stained  to  a  markedly  different 
extent.  Most  metallographists  freely  make  use  of  such  stain- 
ing as  a  means  of  identifying  the  constituents.  The  author, 
however,  prefers  in  a  critical  examination  of  any  alloy  of  two 
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or  more  constituents  to  avoid  (although  this  is  not  always 
possible)  any  staining  and  to  identify  a  constituent  by  some 
intrinsic  property,  such  as  a  characteristic  colour,  making 
use  of  staining  only  to  confirm  previous  deductions,  or  to  give 
contrast  for  demonstration  purposes  or  for  photography.  For 
these  reasons  the  author  considers  that  the  method  of  polish 
attack  is  most  valuable,  whether  (a)  in  the  form  of  a  true 
polish  attack  such  as  was  used  by  Osmond,  or  (5)  in  the  form 
of  alternations  of  very  light  etching  and  very  gentle  polishing. 
The  results  of  the  etching  process  may  be  affected  by  the 
condition  of  the  polished  surface  before  etching.  Thus  it  is 
necessary  very  briefly  to  refer  to  some  of  the  effects  of  polish- 
ing. The  mechanism  of  polishing  has  been  studied  by  Beilby,* 
whose  explanation  has  been  generally  accepted,  and  whose 
work  is  well  known.  A  lucid  review  of  our  present  knowledge 
of  the  subject  of  polishing  is  given  by  Rosenhain  in  his 
recently  published  text-book,  t  and  in  a  paper  read  at  the 
Birmingham  Meeting  of  the  British  Association  (Section  B) 
in  1913,  entitled  "Metals,  Crystalline  and  Amorphous."  The 
production  of  a  perfectly  polished  surface  is  the  result  of  an 
alteration  of  the  surface  layers  of  the  metal  from  the  crystal- 
line to  a  viscous  amorphous  form.  This  viscous  surface  layer 
becomes  spread  over  the  surface  of  the  metal,  filling  up  irregu- 
larities, such  as  holes  or  scratches,  and  spreads  uniformly 
under  the  action  of  surface  tension,  giving  a  surface  of  a 
perfect  polish.  The  smooth  amorphous  layer  of  metal  which 
constitutes  the  polished  surface  is  rapidly  dissolved  by 
etching  agents  and  the  crystalline  material  beneath  exposed. 
As,  however,  scratches  are  not  all  removed  by  final  polishing, 
but  only  covered  up  by  the  amorphous  layer,  the  attack  of 
the  etching  agent  may  cause  the  scratches  to  reappear.  It  is 
thus  in  a  number  of  cases  extremely  difficult  to  get  a  satis- 
factory etching  result.  In  other  cases  the  presence  of  an 
amorphous  film  is  not  troublesome  in  practice.  The  greater 
part  of  the  metal  converted  into  an  amorphous  condition  by 
polishing  is  reabsorbed  at  once  by  the  crystalline  metal,  so 
that,  although    true    polishing  in   all   cases   is   the  result  of 

*  1911,  May  Lecture,  Journal  of  the  Institute  of  Metals,  No.  2,  1911,  vol.  vi.  pp.  5-43. 
t  "  An  Introduction  to  the  Study  of  Physical  Metallurgy  "  (Constable  &  Co.). 
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disturbance  of  the  surface  molecules,  the  surface  after  polish- 
ing is  not  necessarily  covered  by  any  considerable  film  of 
metal  in  a  vitreous  amorphous  condition.  Not  uncommonly 
constituents  may  be  recognized  on  the  untreated  polished 
surface  and  more  or  less  sharply  defined  from  one  another.  It 
is  probable  that  the  amorphous  metal,  mobile  only  at  the 
moment  of  polishing,  does  not  spread  far  and  that  the  vitreous 
layer  is  not  of  uniform  composition. 

The  difficulty  of  obtaining  a  surface  suitable  for  etching  is 
generally  greater  the  softer  the  alloy.  In  most  cases  the  use  of 
"  Globe  Metal  Polish  "  for  the  last  stages  of  polishing  will  give 
a  surface  that  is  good  enough  for  all  practical  purposes.  The 
metal  polish  may  be  used  on  chamois  leather,  or  a  little  may  be 
rubbed  lightly  on  the  specimen  with  the  end  of  the  finger,  this 
being  the  better  method  for  the  final  stage  of  the  polishing. 

As  an  example  of  the  modifications  of  usual  methods 
which  may  be  found  necessary  in  special  cases,  the.  following 
account  (contributed  by  A.  G.  C.  Gwyer  (c))  of  the  polishing 
of  aluminium  aud  its  softer  alloys  may  be  given : 

"  The  chief  difficulty  attendant  upon  the  polishing  of  pure 
aluminium  and  its  softer  alloys  is  the  trouble  which  is  ex- 
perienced with  the  retention  in  the  polished  surface  of  the 
metal  of  the  emery  from  the  finer  grades  of  polishing  papers, 
as  it  is  practically  impossible  to  remove  it  subsequently  on 
the  wet  polishing  wheel.  Professor  Carpenter  has  obtained 
good  results  by  the  substitution  of  ordinary  blotting-paper  in 
the  place  of  the  final  emery-paper,  but  the  writer  has  never 
been  able  to  achieve  success  with  this  method,  and  has,  in 
fact,  now  abandoned  dry  polishing  entirely.  With  the  softest 
aluminium  the  writer  has  obtained  excellent  results  following 
the  procedure  here  given : 

(a)  Fine  file,  kept  thoroughly  wet  with  paraffin  oil. 

(&)  No.  1  emery-paper,  soaked  in  paraffin,  on  wooden  board. 

(c)  No.  2  emery-paper,  soaked  in  paraffin,  on  wooden  board. 

{d)  Diamantine  powder  on  cloth-covered  polishing-wheel, 
kept  thoroughly  moist  with  water  and  also  maintaining  the 
supply  of  polishing  powder. 

(e)  '  Globe  Metal  Pohsh '  on  '  selvyt '  cloth,  on  polishing- 
board,  rubbing  lightly.     It  may  be  found  on  examination  that 
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there  has  been  some  appreciable  surface  flow,  in  which  case  it 
is  necessary  to  revert  to  No.  2,  or  possibly  even  No.  1,  emery- 
paper  and  repeat  all  the  above  operations.  This  does  not, 
however,  usually  take  very  long  to  carry  out,  and  only  very 
light  pressure  with  the  hand  is  required.  The  final  polish 
before  etching  for  micrographic  purposes  should  be  effected 
with  a  little  metal  polish  on  the  finger,  rubbing  very  lightly." 

The  etching  reagents  which  are  used  to  develop  the  struc- 
ture of  metals  and  alloys  include  the  mineral  acids  and 
certain  organic  acids,  ammonia  and  other  alkalis,  and  solu- 
tions of  certain  salts.  They  are  usually  more  or  less  diluted 
with  water  or  other  solvent,  and  the  etching  effects  can  be 
varied  and  controlled  by  altering  the  concentration  of  the 
solution  or  by  using  different  solvents.  The  influence  of  the 
solvent  on  the  power  of  the  etching  agent  is  dealt  with  by 
Robin  in  his  "  Traite  de  Metallographie."  A  reagent  is  more 
rapid  in  its  attack  when  the  degree  of  ionization  is  increased. 
There  is  a  relation  between  the  ionizing  power  of  the  solvent, 
influenced  by  viscosity  and  other  factors,  and  the  speed  of 
attack  of  the  reagent.  Picric  acid,  for  example,  in  solution 
in  liquids  of  high  viscosity  {e.g.  amyl  alcohol,  glycerine)  has  a 
slow,  though  very  clear,  etching  effect.  A  very  slow  rate  of 
etching,  however,  is  usually  inconvenient,  and  water  and  ethyl 
alcohol  are  the  most  generally  used  solvents. 

Before  the  specimen  is  immersed  in  the  etching  solution, 
care  should  be  taken  to  observe  that  the  surface  is  perfectly 
clean  and  free  from  any  trace  of  grease.  It  is  most  important 
that  the  etching  solution  should  immediately  come  in  contact 
with  every  part  of  the  surface,  as  otherwise  uneven  and  pos- 
sibly misleading  effects  may  be  obtained.  Washing  with  a 
dilute  solution  of  caustic  soda  or  caustic  potash,  or  with  ether, 
will  insure  the  removal  of  all  grease. 

The  treatment  of  the  specimen  after  it  has  been  acted  upon 
by  the  etching  reagent  is  also  a  detail  to  which  attention  must 
be  paid.  When  the  etching  has  proceeded  to  the  desired 
extent,  the  specimen  is  at  once  washed  thoroughly  in  order 
to  remove  all  trace  of  the  etching  reagent.  Usually  it  is 
simply  rinsed  with  water,  but  frequently  the  washing  is  done 
with  absolute  alcohol,  while  ether  and   chloroform   are  also 
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sometimes  used.  As  soon  as  the  washing  is  finished,  the 
specimen  should  be  dried  quickly  to  prevent  any  undesired 
staining  or  tarnishing.  Generally  an  old  handkerchief  may 
be  safely  used  for  this  purpose,  but  if  alcohol  or  other  volatile 
liquid  has  been  used  for  washing,  the  specimen  may  be  dried 
naturally  in  air  or  by  allowing  a  current  of  air,  which  may  be 
warmed,  to  play  upon  the  surface.  This  latter  method  is 
especially  desirable  where  it  is  required  to  retain  some  surface 
deposit  liberated  by  the  etching  reagent,  as,  for  example, 
carbon  liberated  from  steel. 

The  Etching  Reagents  Used. 

In  the  following  account  of  individual  etching  reagents, 
those  suitable  for  non-ferrous  metals  and  alloys  are  first 
described,  and  afterwards  a  brief  account  is  given  of  the 
principal  reagents  used  for  iron  and  steel.  There  are  also 
included  separate  short  sections  devoted  to  electrolytic  etching, 
"  polish  attack  "  and  "  heat  tinting." 

(A.)  Etching  Reagents  for  the  Non-Ferrous  Metals  and  Alloys. 

Aimnonia. — A  dilute  aqueous  solution  is  used  for  copper, 
brass,  and  other  alloys  of  copper  rich  in  copper.  Simple 
immersion  for  a  short  time  in  strong  ammonia  (0"880)  diluted 
with  about  its  own  bulk  of  water  generally  serves  to  develop 
the  structure.  The  copper  is  oxidized  and  dissolved  in  the 
ammonia,  leaving  the  crystals  stained  and  coloured  to  different 
degrees  in  the  case  of  pure  copper  and  alloys  consisting  of 
only  one  constituent.  With  alloys  consisting  of  two  or  more 
constituents,  certain  constituents  are  darkened  in  preference 
to  others,  and  so  may  be  distinguished.  Thus,  in  brasses 
consisting  of  a  and  (i,  the  ^  is  darkened  in  preference  to  the 
a,  and  in  bronzes  containing  the  ^  constituent  the  a  is 
darkened,  while  the  ^  remains  unattacked.  Ammonia  used 
in  this  way  has  the  disadvantage  that  the  staining  is  not 
always  under  control ;  it  may  be  excessive  and  misleading. 
The  etching  power  of  ammonia  is  increased  by  the  addition 
of  a  little  hydrogen  peroxide,  although  the  results  obtained 
are  not  always  improved.     Desch  (c)  recommends  rubbing  the 
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ammonia  on  the  specimen.  He  states  that  for  brasses 
generally  he  uses  "  dilute  ammonia  rubbed  on  lightly  and 
evenly  with  the  tip  of  the  finger  or  a  small  plug  of  cotton 
wool,  renewing  the  liquid  occasionally.  This  develops  the 
structure  better  than  any  method  I  know,  and  does  not  pro- 
duce great  differences  of  level.  Some  special  brasses  with 
a  high  proportion  of  /3  and  very  little  a  will  not  develop 
clearly  with  ammonia,  and  need  ferric  chloride."  Sauveur  (c) 
uses  bromine  water  {q.v.^  in  conjunction  with  ammonia.  The 
author  finds  ammonia  suitable  for  copper  and  its  alloys, 
particularly  brasses.  The  method  employed  is  to  rub  the 
specimen  with  ammonia  on  parchment.  The  parchment  is 
thoroughly  moistened  with  water,  and  then  spread  on  a  smooth 
wooden  support.  .  Three  or  four  drops  of  dilute  ammonia 
(1  part  strong  ammonia  to  1  part  water)  are  sprinkled  on  the 
parchment,  together  with  a  little  freshly  ignited  magnesia 
made  from  carefully  prepared  and  thoroughly  washed 
magnesium  carbonate.  The  specimen  is  then  rubbed  gently 
but  steadily,  usually  with  a  circular  motion,  on  the  parchment 
for  a  short  time — say,  15  seconds — washed  thoroughly,  dried 
quickly  on  old  clean  linen,  and  examined.  If  necessary,  the 
operation  is  repeated.  This  method  is  a  true  polish  attack, 
and,  by  suitably  varying  the  amounts  of  ammonia  and 
magnesia  and  the  strength  of  the  rubbing,  the  crystals  may 
be  darkened  to  different  degrees,  or  the  constituents  may  be 
seen  quite  unstained  and  clearly  outlined.  For  many  copper 
alloys  the  author  prefers  this  method  even  to  the  use  of 
ammonium  persulphate,  but  it  must  be  admitted  that  a  little 
practice  and  experience  are  required  to  obtain  uniformly 
satisfactory  results.  L.  Archbutt  (c)  generally  etches  copper 
by  rubbing  with  ammonia  on  parchment,  but  finds  that  the 
results  are  uncertain.  "  Sometimes  the  structure  comes  up 
quickly  and  quite  well,  but  other  times  the  specimen  stains 
badly,  and  has  to  be  repolished  and  re-etched."  He  does  not 
find  the  result  much  better  when  a  drop  of  hydrogen  peroxide 
is  added  to  the  ammonia  in  etching  on  parchment.  Also, 
immersion  of  the  specimen  in  ammonia  and  hydrogen  per- 
oxide, or  in  ammonia  and  ammonium  persulphate,  has  not 
been  found  to  give  any  better  results.     With  regard  to  alloys, 


200    Hudson  :  Etching  Reagents  and  their  Applications 

he  finds  that  70  :  30  brass  etches  very  well  with  ammonia  on 
parchment,  but  sometimes  better  results  have  been  obtained 
by  immersing  the  specimen  in  ammonia  and  hydrogen  per- 
oxide. He  has  found  that  "  Muntz  metal  was  very  nicely 
etched  on  the  polishing-wheel,  using  diamantine  on  cloth 
moistened  with  dilute  ammonia  (1 :  4)." 

Ammonmm  Persulphate  is  one  of  the  most  useful  etching 
agents  for  copper  alloys,  and  was  first  suggested  by  E.  F. 
Law,  from  whose  book  on  "  Alloys  "  the  following  is  taken,* 
"  on  account  of  two  useful  properties  which  it  possesses. 
Firstly,  the  etching  is  effected  by  simple  immersion  of  the 
specimen,  no  rubbing  being  required  as  in  the  case  of  some 
other  etching  agents.  This  is  an  important  consideration 
with  soft  alloys,  which  are  very  easily  scratched  by  rubbing. 
Secondly,  the  action  takes  place  without  formation  of  gas- 
bubbles,  which  are  always  liable  to  adhere  to  the  polished 
surface  and  cause  uneven  etching.  One  precaution,  however, 
must  be  observed  in  the  use  of  ammonium  persulphate — the 
polished  surface  must  be  absolutely  free  from  oil  or  grease." 
The  following  details  of  his  method  of  using  this  reagent  are 
taken  from  a  paper  "j"  in  a  previous  issue  of  the  Journal : 
"  In  the  case  of  the  majority  of  copper  alloys,  the  best  etching 
agent  is  a  10  per  cent,  aqueous  solution  of  ammonium  per- 
sulphate. .  .  .  The  only  precaution  to  be  observed  is  that  the 
surface  of  the  specimen  should  be  free  from  any  trace  of 
grease,  this  being  easily  secured  by  the  application  of  a  solu- 
tion of  potash  or  soda  immediately  before  immersion  in  the 
persulphate."  Desch  (c)  finds  that  ammonium  persulphate  is 
"  useful  for  deep  etching  of  brasses  when  it  is  desired  to  bring 
out  the  separation  into  crystal  grains." 

Aqiia  Regia  is  used  for  gold  and  platinum  and  their  alloys. 
Sir  Thomas  K.  Rose  (c)  has  supplied  the  following  details  of 
the  method  he  employs  :  The  reagent  is  made  up  of  "  nitric 
acid  1  part,  hydrochloric  acid  5  parts,  distilled  water  6  parts. 
Use  at  about  15°  C.  The  etching  is  slow,  and  its  progress 
can  be  watched.     Pure  gold  is  etched  sufficiently  for  oblique 

*  "Alloys,"  by  E.  F.  Law  (Griffin),  2nd  ed.,  p.  (57. 

f  "  A  Contribution  to  the  Study  of  Phosphor  Bronzes,"  by  O.  F.  Hudson  and  E.  F. 
Law,  Journal  of  the  Institute  of  Metals,  No.  1,  1910,  vol.  iii.  p.  170. 
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illumination  in  about  one  hour.  This  works  well  with  cast 
gold,  or  hammered  or  rolled  metal  and  also  annealed  speci- 
mens, without  preparation  except  removal  of  grease.  With 
polished  specimens  the  results  are  less  certain,  but  are  more 
uniformly  good  than  with  stronger  or  hotter  acids.  With  this 
strength  and  temperature,  the  presence  of  gold  chloride  in  the 
acid  appears  to  have  no  influence  on  the  result.  Alloys  of 
gold  and  silver,  gold  and  copper,  &c.,  containing  over  90  per 
cent,  of  gold,  are  equally  amenable  to  this  reagent." 

Bromine  Water. — Sauveur  (c)  uses  this  reagent  for  copper 
and  certain  of  its  alloys  rich  in  copper.  "  The  specimens  are 
first  etched  in  bromine  water,  and  this  is  followed  by  a  wash 
in  ammonia,  the  surface  of  the  specimen  being  rubbed  gently 
with  the  finger  while  in  the  ammonia  bath." 

Chromic  Add  is  used  by  Gulliver  (c)  for  alloys  of  copper. 
He  "  generally  uses  a  saturated,  or  nearly  saturated,  solution, 
and  finds  it  often  better  than  ferric  chloride  or  alkaline  copper 
ammonium  chloride.  It  is  specially  useful  for  copper-zinc 
alloys."  He  considers  it  the  most  useful  etching  agent  he  has 
discovered. 

For  zinc,  Desch  (c)  recommends  Tinofeef's  reagent  (94 
grammes  HNOg  -f  6  grammes  CrOg) :  a  few  drops  of  this  to 
5  0  cubic  centimetres  of  water, 

Ciipric  Ammonium  Chloride  was  introduced  by  Heyn,  and  is 
used  for  steels  and  for  copper  and  its  alloys.  The  solution  is 
made  by  adding  ammonia  to  a  solution  of  5  grammes  of 
cupric  chloride  in  100  cubic  centimetres  of  water  until  the 
precipitate  is  dissolved.  Desch  (c)  writes  that :  "  For  copper,  the 
best  deep  etching  is  got  from  ammoniacal  copper  ammonium 
chloride  prepared  according  to  Heyn's  directions."  Hoyt  (c)  uses 
a  basic  solution  of  copper  ammonium  chloride  for  etching 
copper  and  its  alloys.  10  grammes  of  copper  ammonium 
chloride  are  dissolved  in  120  cubic  centimetres  of  water,  and 
the  solution  is  treated  with  ammonia  until  the  precipitate 
which  forms  just  goes  into  solution,  giving  a  clear  blue  colour. 

Ferric  Chloride,  introduced  by  Hey  cock  and  Neville  ''^'  for 
etching  copper-tin  alloys,  is  very  widely  used  for  copper  alloys 

*  "The  Constitution  of  the  Copper-Tin  Series  of  Alloys,"  Pkii.    Trans.  Roy.  Soc, 
1903,  202  A,  p.  1. 
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generally.  The  strength  of  the  solution  and  the  amount  of 
hydrochloric  acid  present  vary  considerably,  and  what  is  con- 
sidered the  most  suitable  composition  for  any  class  of  alloys 
is  commonly  found  by  trial.  Although  as  a  rule  preferring 
other  reagents,  the  author  also  uses  ferric  chloride  and  hydro- 
chloric acid  for  many  of  the  copper  alloys — bronzes,  aluminium- 
copper  alloys,  German  silver,  phosphor  bronzes,  &c. — but  not 
often  for  brasses.  No  rule  is  followed  in  making  up  the 
solution,  but  generally  a  few  drops  of  strong  hydrochloric 
acid  are  added  to  about  5  cubic  centimetres  of  a  strong 
(syrupy)  solution  of  ferric  chloride  and  water  added  to  give 
an  orange-coloured  solution.  Desch(c)  recommends  ferric 
chloride  for  bronzes  and  aluminium-copper  alloys.  He 
generally  uses  concentrated  hydrochloric  acid  to  which  a  few 
drops  of  a  stock  laboratory  solution  of  ferric  chloride  have 
been  added,  but  it  is  sometimes  necessary  to  dilute  slightly 
with  water.  He  finds  the  best  composition  in  each  instance  by 
trial.  He  also  notes  that  "  ferric  chloride  has  an  astonishing 
power  of  revealing  latent  scratches,"  a  characteristic  that  was 
also  observed  by  Heycock  and  Neville.  This  disadvantage,  how- 
ever, is  shared  by  most  etching  agents  in  a  greater  or  less  degree. 
At  the  National  Physical  Laboratory  (Rosenhain  (c))  an  acid 
solution  of  ferric  chloride  is  most  frequently  employed  for  all 
ordinary  copper  alloys  in  which  it  is  desired  to  reveal  the 
general  structure,  the  exact  composition  being : 

FeCls       .         .         .         .         .10  grammes. 

HCl  .....     30  cubic  centimetres. 

Water 120    ,, 

"  This  reagent  brings  out  a  structural  pattern  on  nearly  all 
copper  alloys,  but  it  is  most  satisfactory  for  pure  copper,  zinc- 
copper,  and  aluminium-copper  and  their  ternary  derivations. 
Some  alloys,  however,  such  as  nickel-copper,  are  only  slowly 
attacked  by  this  reagent,  and  no  very  satisfactory  results  are 
obtained  with  these.  For  such  resistant  alloys,  electrolytic 
etching  is  found  very  useful." 

L.  Archbutt  (c)  uses  the  following  mixture  for  bronzes : 

HCl  (specific  gravity  I'l)  .     20  cubic  centimetres, 

FeCla.THaO     ....     1  gramme, 

Water  to 100  cubic  centimetres 
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and  finds  that  "  this  reagent  brings  up  the  structure  very  well, 
but  accentuates  every  scratch  on  the  specimen." 

Hoyt(c)  uses  "A  solution  of  3-26  grammes  FeCl3  and  24*5 
cubic  centimetres  HCl  (1-12)  in  1000  cubic  centimetres  water, 
as  recommended  by  Heycock  and  Neville,  to  etch  the  copper-tin 
alloys  and  other  alloys  of  copper."  For  brasses,  bronzes,  alu- 
minium bronzes,  &c.,  he  uses  either  ferric  chloride  or  alkaline 
cupric-ammonium  chloride,  in  some  cases  one  and  in  some  cases 
the  other  being  the  more  suitable.  Thus, "  in  the  ternary  alloys 
of  copper-tin-zinc,  while  both  reagents  may  be  used,  the  acid 
ferric  chloride  gives  a  better  defined  structure  for  the  tin-rich 
alloys,  while  the  basic  copper-ammonium  chloride  produces 
better  results  if  the  zinc  is  in  excess.  Again,  these  two 
etching  reagents  give  reciprocal  effects  on  the  copper-alumi- 
nium alloys.  The  copper-ammonium  chloride  attacks  the 
constituents  of  these  according  to  their  copper  content,  while 
the  ferric  chloride  attacks  the  constituents  in  the  reverse 
order  according  to  their  aluminium  content.  In  doubtful  cases 
one  etching  reagent  serves  as  a  check  on  the  other." 

Gwyer(c)  finds  acid  ferric  chloride  useful  for  aluminium- 
nickel,  aluminium-cobalt,  and  copper-rich  aluminium -copper 
alloys.  Gulliver  (c)  uses  acidified  ferric  chloride  for  alloys 
rich  in  antimony,  bismuth,  or  tin. 

Hydrochloric  Acid  is  used  for  white  metals  containing  high 
percentages  of  tin.  Either  the  concentrated  or  dilute  acid 
may  be  used.  In  the  former  case  the  specimen  is  dipped 
in  the  acid  for  a  few  seconds,  and  when  sufficiently  etched, 
washed  thoroughly  and  dried  quickly  on  a  soft  rag.  When 
the  dilute  acid  is  used  for  rich  tin  alloys  the  concentration  of 
the  acid  may  be  varied  according  to  the  composition  of  the 
alloy.^  Gwyer(c)  finds  that  hydrochloric  acid  is  suitable  for 
the  iron-rich  aluminium-iron  and  the  tin-rich  aluminium-tin 
alloys.  He  states  that  the  exact  strength  is  best  found  by 
trial,  and  should  be  so  regulated  that  the  evolution  of  gas 
bubbles  is  fairly  brisk,  a  comparatively  short  time  of  immer- 
sion appearing  to  answer  the  best. 

Hydrofluoric  Acid  was  introduced  by  Brislee  "j*  for  etching 
aluminium.      One  part  of  fuming  hydrofluoric  acid  is  added 

*  Desch,  "  Metallography,"  2nd  ed.,  p.  !145. 

f  "  Density  of  Aluminium,"  Faraday  Society,  May  1 ,  1913. 


204    Hudson  :  Etching  Reagents  and  their  Applications 

to  10  to  20  parts  of  water.  After  treatment  in  this  solution 
the  specimen  should  be  cleared  by  dipping  it  for  a  few 
seconds  in  strong  nitric  acid  and  then  washed  and  dried. 
Gwyer  (c)  finds  this  method  "  most  valuable  on  account  of 
the  beautiful  manner  in  which  it  develops  the  structure  of 
pure  aluminium — cast,  worked,  or  annealed."  Rosenhain  (c) 
uses  this  reagent  for  aluminium  and  its  alloys,  and  finds  that 
a  solution  of  hydrofluoric  acid  (1  to  8)  followed  by  immer- 
sion in  dilute  nitric  acid  (60  per  cent.)  is  very  satisfactory, 
particularly  for  revealing  the  crystalline  structure  of  pure 
aluminium  and  of  homogeneous  solid  solutions. 

Nitric  Acid  is  used  sometimes  for  etching  copper  alloys, 
and  is  found  useful  for  the  rapid  etching  of  70:  30  brass  for 
commercial  purposes  when  crystal  size  is  to  be  judged.  Prob- 
ably the  best  way  to  use  it  for  this  purpose  is  to  dip  the 
specimen  momentarily  in  strong  acid  and  wash  at  once  under 
the  tap.  Gwyer  {c)  also  finds  that  the  concentrated  acid  gives 
excellent  results  with  the  copper-rich  aluminium- copper  alloys. 

Rosenhain  (c)  states  that  "both  for  copper  and  zinc-copper 
very  brief  etching  with  nitric  acid  gives  useful  indications. 
While  the  general  structure  is  revealed,  there  is  also  a  vigorous 
pitting  action  which  occurs  wherever  undissolved  foreign 
matter  is  present,  such  as  specks  of  oxide  or,  more  particularly, 
of  lead  in  brass.  Such  enclosures  are  very  minute  before 
etching,  and  are  developed  into  prominent  black  patches  by 
the  action  of  nitric  acid."  Rosenhain  (c)  also  uses  this  reagent 
for  pure  lead  which  "  is  satisfactorily  etched  by  prolonged 
immersion  in  dilute  nitric  acid  in  water  (5  to  10  per  cent.). 
If  the  etched  surface  is  dull  it  can  be  brightened  by  laying 
the  specimen  in  water  with  the  etched  surface  just  immersed 
and  pouring  on  a  small  quantity  of  strong  nitric  acid.  This 
at  first  produces  a  deep  tarnish  which  is  rapidly  removed  by 
agitating  the  water.  Nitric  acid  is  also  useful  in  etching 
alloys  of  lead  and  tin,  and  such  alloys  as  type  metals  and 
bearing  metals." 

Nitric  acid  of  1'2  specific  gravity  is  used  by  L.  Archbutt  (c) 
for  white  metals,  the  structure  usually  being  developed  well 
in  ten  seconds. 

Iodine  is  found  by  Gulliver  (c)  to  be  most  suitable  for  alloys 
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rich  in  zinc  or  cadmium.  He  uses  a  solution  of  1  part  iodine, 
3  parts  potassium  iodide  in  1 0  parts  of  water. 

Caustic  potash  and  caustic  soda  are  used  for  zinc  and 
akiminium  and  alloys  rich  in  these  metals.  At  the  National 
Physical  Laboratory  (c)  "  caustic  soda  is  found  satisfactory 
for  etching  the  alloys  of  aluminium  with  zinc,  copper,  man- 
ganese, &c.  This  reagent,  however,  often  leaves  a  black 
deposit  on  the  etched  surface.  This  can  be  very  satisfactorily 
removed  by  dipping  the  specimen  in  a  solution  of  chromic 
acid  in  water."  Concerning  the  use  of  caustic  soda,  Gwyer(c) 
writes  that  "This  reagent,  in  strengths  varying  from  5  to  20 
per  cent.,  is  the  most  generally  employed  for  aluminium,  and 
aluminium  rich  alloys.  It  usually  gives  good  results,  pro- 
vided that  the  specimen  is  not  immersed  too  long,  when 
pitting  will  ensue,  and  the  black  deposit  liberated  by  its 
action  is  instantly  removed  by  dipping  the  specimen,  after 
rinsing  off  excess  soda  in  running  water,  in  concentrated 
chromic  acid,  a  method  originated  by  S.  L.  Archbutt  of  the 
National  Physical  Laboratory." 

Silver  Nitrate. — A  5  per  cent,  solution  in  water  may  be  used 
for  alloys  of  lead,  tin,  antimony,  bismuth.  The  black  deposit 
left  on  the  surface  is  washed  off,  Hoyt  (c)  states  that  he  uses 
this  reagent  for  anti-friction  alloys. 

(B.)  Etching  Reagents  for  Iron  and  Steel, 

The  number  of  reagents  which  are  used  or  have  been  pro- 
posed for  etching  iron  and  steel  is  very  large,  and  it  is  only 
intended  to  deal  with  the  more  important  of  them  here. 
Many  of  the  reagents  are  used  to  identify  some  particular 
constituent  of  steels,  or  in  the  examination  of  steels  which 
have  received  some  special  treatment.  Details  concerning 
such  reagents,  and  further  information  on  those  dealt  -with  in 
this  section,  may  be  sought  in  the  pages  of  the  Journal  of  the 
Iron  and  Steel  Institute. 

Cop'per  Ammonium  Chloride. — This  reagent,  introduced  by 
Heyn,  usually  consists  of  a  1 0  per  cent,  solution  of  the  salt  in 
water,  and  is  suitable  for  wrought  iron  and  mild  steel.  The 
specimen  is  immersed  in  the  solution  for  about  one  minute, 
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then  washed,  and  the  copper  deposit,  which  is  readily  detached, 
wiped  off  under  running  water.  This  reagent  is  used  for  deep 
etching  effects,  and  also  to  darken  parts  rich  in  phosphorus. 
Howe  (c)  uses  *  this  reagent  ( 1  part  of  the  double  salt  to 
1 2  parts  of  water)  for  low  carbon  iron  and  steel.  He  finds 
that  it  "  shows  grain  boundaries  readily,  but  rather  obscures 
Neumann  lines,"  and  that  it  is  the  best  reagent  for  etching 
figures  and  pits.  Hoyt  (c)  uses  a  similar  solution  "  principally 
for  microscopic  examination  of  low  carbon  steel,  wrought  iron, 
white  cast  iron,  and  in  the  determination  of  phosphor  segrega- 
tions in  wrought  iron." 

Co'pper  Chloride. — Dilute  acidulated  copper  chloride  in 
alcohol  is  used  by  Stead  "j"  to  detect  phosphorus  in  steels. 
The  reagent  is  made  up  as  follows : — 

Copper  chloride    .         .         .         .         .10  grammes. 
I  Magnesium  chloride     .         .         .         .40        ,, 

Hydrochloric  acid         .         .         .         .20  cubic  centimetres. 

The  salts  are  dissolved  in  the  least  possible  quantity  of 
water,  and  the  solution  made  up  to  1000  cubic  centimetres 
with  alcohol.  The  purer  portions  of  the  steel  become  coated 
with  copper  before  the  phosphoric  portions. 

Hydrochloric  Acid. — A  dilute  solution  (1  per  cent.)  in  ethyl 
alcohol  is  generally  used.  Hoyt  (c)  writes  that  a  solution  of 
1  cubic  centimetre  hydrochloric  acid  (specific  gravity  1'19)  in 
100  cubic  centimetres  absolute  alcohol  "is  recommended  for 
all  the  iron -carbon  alloys  whether  in  a  hardened  or  annealed 
state,"  while  the  action  can  be  accelerated  (for  special  steels) 
by  the  addition  of  a  few  cubic  centimetres  of  a  5  per  cent, 
solution  of  picric  acid  in  alcohol.  Howe  (c)  uses  a  solution  of 
5  cubic  centimetres  of  concentrated  hydrochloric  acid  in  95 
cubic  centimetres  of  ethyl  alcohol. 

Iodine. — The  use  of  iodine  was  suggested  by  Osmond,  who 
used  the  ordinary  tincture,  and  this  is  the  form  in  which  it 
should  be  used.  A  simple  solution  in  absolute  alcohol  is  not 
so  suitable.      The  specimen  may  be  immersed  in  the  solution, 

*  Professor  Howe's  communication  gives  the  methods  used  in  his  laboratory  by 
Mr.  A.  G.  Levy  and  also  by  Professor  William  Campbell. 

f  Cleveland  Institute  of  Mining  Engineers,  December  1914  (full  details  of  the  method 
are  given). 
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or  a  drop  or  two  placed  on  the  surface  to  be  etched,   and 
allowed  to  remain  until  decolourized. 

Nitric  Acid. — Until  the  introduction  of  picric  acid,  a  dilute 
solution  of  nitric  acid  was  the  principal  etching  agent  for  iron 
and  steel,  and  it  is  still  very  often  used.  It  Avas  used  by 
Sorby,  Roberts-Austen,  Osmond,  and  most  of  the  earlier 
investigators;  Arnold,  Howe,  Sauveur,  and  others  use  it,  and 
many  still  consider  it  to  be  the  best  general  etching  agent  for 
iron  and  steel.  Solutions  (up  to  about  5  per  cent.)  in  water, 
or,  preferably,  alcohol,  are  generally  used.  When  alcohol  is 
the  solvent,  absolute  alcohol  should  be  used  for  washing  the 
specimen,  and  not  water.  Lantsberry,  (c)  who  always  uses 
nitric  acid  for  steels,  points  out  that  the  success  of  the  method 
depends  on  thoroughly  washing  the  specimen  with  alcohol 
and  drying  at  once,  and  that  the  surface  should  never  be 
moistened  with  water. 

Sauveur  (c)  writes  that  for  all  grades  of  steel,  wrought  iron, 
and  pig  iron,  regardless  of  treatment,  he  uses  solutions  of 
concentrated  nitric  acid  in  absolute  alcohol,  in  proportions 
varying  between  1  and  10  per  cent,  of  acid,  according  to 
requirements.  He  prefers  it  to  picric  acid.  The  samples  are 
washed  in  absolute  alcohol  and  dried  by  means  of  an  air-blast. 
For  manganese  steel  he  uses  10  per  cent,  nitric  acid  in  absolute 
alcohol,  leaving  the  specimen  in  the  bath  until  it  is  covered 
with  a  black  deposit.  It  is  then  washed  in  alcohol,  without 
any  attempt  at  removing  the  deposit  by  rubbing. 

Howe  (c)  uses  a  solution  of  2  per  cent,  of  concentrated 
nitric  acid  in  water  for  hardened  steels,  manganese  steels,  &c., 
and  also  occasionally  to  develop  grain  boundaries  quickly  in  low 
carbon  material,  although  he  notes  that  it  roughens  up  the 
ferrite  much  more  than  picric  acid.  He  recommends  a  pre- 
liminary treatment  for  the  removal  of  grease,  using  "  alcohol, 
hydrochloric  acid  in  alcohol,  or,  best,  picric  acid  in  alcohol." 

Hoyt  (c)  remarks  that  "  nitric  acid  is  particularly  serviceable 
for  determining  the  grain  size  of  known  steels  and  the  final 
temperature  at  which  it  has  been  worked,  but  for  micro- 
graphic  analysis  is  a  dangerous  reagent.  Its  indications 
ought  to  be  confirmed  by  other  means." 

A  4  per  cent,  solution  of  nitric  acid  in  Iso-amyl  alcohol 
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(as  suggested  by  Kourbatofi)  is  also  used,  and  gives  a  slow  and 
delicate  etching.  Hoyt  (c)  uses  this  for  "  quenched  steels, 
tempered  steels,  and  to  examine  the  structure  of  nickel  steels," 
and  Desch  (c)  states  that  he  mostly  uses  this  solution  for 
hardened  steels. 

Picric  Acid. — This  reagent,  introduced  by  Ischewsky,  is  the 
one  most  commonly  used,  generally  as  a  saturated  or  nearly 
saturated  solution  in  alcohol.  The  specimen  is  immersed  for 
times  varying  with  the  kind  of  steel  and  the  effect  desired, 
from  a  few  seconds  for  light  etching  of  ordinary  rolled  or 
annealed  steels  and  cast  irons,  to  several  minutes  for  hardened 
steels  and  wrought  irons.  Picric  acid  is  sometimes  used  in 
conjunction  with  nitric  acid.  Thus  Desch  (c)  recommends  for 
all  ordinary  (unhardened)  steels  alcoholic  picric  acid  to  which 
a  few  drops  of  nitric  acid  have  been  added.  A  solution  of 
picric  acid  in  amyl  alcohol  is  also  used  for  a  slow  etching. 
L.  Archbutt  (c)  also  finds  it  "  an  advantage  to  add  a  small 
quantity  of  nitric  acid,  which  gives  greater  certainty  of  etching, 
especially  in  cold  weather.''  The  solution  he  uses  contains  80 
volumes  of  picric  acid  in  alcohol  and  20  volumes  of  2  per 
cent,  nitric  acid  in  alcohol. 

Rosenhain  s  and  Haughtons  Ueagent  *  consists  of — 


Ferric  chloride  . 
Hydrochloric  acid  (cone.) 
Cupric  chloride 
Stannous  chloride 
Water 


30  grammes. 
100  cubic  centimetres. 
10  grammes. 
0-5      ., 
1000  cubic  centimetres. 


It  is  used  for  determination  of  the  distribution  of  phos- 
phorus in  steel,  the  purer  portions  of  the  steel  being  stained 
by  deposition  of  copper,  leaving  the  phosphorus-rich  portions 
Avhite. 

Of  the  numerous  other  reagents  some  are  used  for  special 
purposes,  such  as  sodium  picrate,  for  the  detection  of  cemen- 
tite ;  while  others  are  more  or  less  complicated  solutions,  such 
as  Kourbatoff's  reagent,  consisting:  of  3  volumes  of  a  saturated 
solution  of  0-nitrophenol  in  alcohol  and  1  volume  of  a  4  per 
cent,  solution  of  nitric  acid  in  alcohol,  used  for  the  determina- 
tion of  troostite  and  sorbite  in  hardened  steels. 

*  Journal  of  the  Iron  ajid  Steel  Institute,  No.  I.  1914,  p.  517. 


Plate  V 


Fig.  1. — Constantari  Resistance  Wire.     Electro-etched.     Magnihed  loH  diameters. 

Copper,  57 '88  per  cent.  ;  Nickel,  41 '61  per  cent.  ;  Iron,  0"12  per  cent.  ; 
Manganese,  0'28  per  cent.  ;  Carbon,  0"06  per  cent.  ;  Sulphur,  0'03  per 
cent.  ;  Phosphorus,  001  per  cent.     Total,  99'99  per  cent. 


Electro-etched.     Longitudinal  .Section  from  Bar. 
Magnified  150  diameters. 

Copper,  3.3'18  per  cent.  ;  Nickel,  64".32  per  cent.  ;  Iron,  1-82  per  cent.  ; 
Aluminium,  0'02  per  cent.  ;  Zinc,  0'05  per  cent.  ;  Manganese,  0'20  per 
cent.  ;  Silicon,  0'33  per  cent.  ;  Phosphorus,  0-04  per  cent.  Total,  9996 
per  cent. 
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(C.)  Electrolytic  Etching. 

This  method  is  of  great  vakie  in  special  cases.  Generally 
a  solution  of  a  neutral  salt  is  used  as  the  electrolyte ;  the 
specimen  is  made  the  anode  and  a  piece  of  platinum  foil 
the  cathode.  A  feeble  current  of  a  small  fraction  of  an  ampere 
is  used, 

Desch  (c)  finds  that  etched  figures  in  brasses,  &c.,  are  most 
perfectly  developed  by  electrolytic  etching,  using  a  5  per  cent, 
sodium  chloride  solution  and  a  platinum  cathode  with  two 
dry  cells. 

Other  electrolytes  used  are  ammonium  nitrate,  sodium 
thiosulphate  (used  by  Le  Chatelier  for  copper-tin  alloys), 
ammonia,  and  sometimes  very  dilute  acid  solutions. 

For  Monel  metal,  L.  Archbutt  (c)  "  obtained  very  good  results 
by  electrolytic  etching  in  a  solution  containing  45  cubic  centi- 
metres dilute  sulphuric  acid  (1:3)  and  5  cubic  centimetres 
hydrogen  peroxide  solution,  using  a  current  of  O'l  ampere  and 
0*5  volt,  etching  for  about  fifty  seconds.  A  slight  staining  of 
the  specimen  was  subsequently  removed  by  light  rubbing  with 
a  dilute  solution  of  bromine  in  hydrochloric  acid."  Constan- 
tan  was  etched  in  a  similar  way,  "  but  stains  were  removed  by 
using  a  mixture  of  dilute  sulphuric  acid  and  hydrogen  per- 
oxide and  rubbing  with  the  finger."  Two  photographs  sup- 
plied by  Mr.  Archbutt,  and  reproduced  on  Plate  V.,  illustrate 
the  value  of  this  method. 

Rosenhain  (c)  has  also  found  that  electrolytic  etching  is 
useful  for  nickel-copper  alloys. 

(D.)  Polish  Attach 

Mention  has  been  made  of  this  method,  which  was  used 
with  such  success  by  Osmond,  in  an  earlier  part  of  the  paper, 
and  it  is  one  which,  if  not  always  applicable,  the  author  believes 
is  not  adopted  as  widely  as  it  should  be. 

The  objections  which  appear  to  be  urged  against  the  method 
are  {a)  the  difficulty  of  getting  uniformly  good  results,  and 
(6)  the  danger  of  obscuring  the  structure  by  the  flowing  action 

o 
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of  polishing.  Neither  of  these  objections  need,  however,  be 
serious ;  the  former  is  overcome  by  experience,  while  the 
latter  is  probably  largely  imaginary,  unless  altogether  unneces- 
sary pressure  is  used.  The  procedure  which  has  been  found 
suitable  for  copper  and  its  alloys  has  already  been  described 
in  dealing  with  ammonia  as  an  etching  agent.  For  steels 
Osmond  used  a  very  gentle  etching  reagent,  such  as  a  2  per 
cent,  solution  of  ammonium  nitrate  with  precipitated  calcium 
sulphate  in  parchment,  but  this  method  is  not  now  so  often 
used.  The  author,  however,  for  iron  and  steel,  makes  use  of 
parchment  thoroughly  soaked  in  water  on  which  a  paste  of 
precipitated  calcium  sulphate  is  spread.  The  specimen  is 
then  alternately  lightly  etched  with  picric  acid,  and  rubbed 
gently  for  a  few  seconds  on  the  parchment.  Frequently  also 
it  is  found  to  be  an  advantage  to  etch  the  specimen  lightly, 
then  polish  very  gently  with  alumina  and  re-etch,  repeating  if 
necessary. 

Gwyer  (c)  finds  that  polish  attack  is  sometimes  very  effective 
for  light  aluminium  alloys,  "  for  example,  in  bringing  out  the 
structure  of  the  iron-aluminium  eutectic.  For  this  washed 
and  ignited  magnesia  is  required,  the  polishing  being  done  on 
parchment  kept  moistened  with  very  dilute  caustic  soda 
solution." 

Gulliver  (c)  notes  that  sometimes  a  good  polish  attack  may 
be  obtained  with  water  alone,  although  not  if  the  pad  is  new. 
He  found,  for  example,  that  polish  attack  with  water  alone 
was  effective  in  the  case  of  bismuth -tin  alloys. 

(E.)  Heat- Tinting. 

Although  not  perhaps,  strictly  speaking,  an  etching  process, 
heat-tinting  is  a  valuable  and  widely  used  method  of  revealing 
the  structure  of  alloys,  and  especially  for  the  detection  of 
small  differences  in  concentration  of  solid  solutions.  The 
process  was  introduced  by  Stead  many  years  ago,  and  has 
been  considerably  developed  by  him  since.  It  consists  in 
heating  the  specimen  until  a  thin  film  of  oxide  is  formed  on 
the  surface,  differences  in  composition  giving  rise  to  variations 
in  thickness,  and  hence  variations  in  colour  of  the  film.     He 
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used  it  with  great  advantage  in  studying  phosphoric  cast  irons 
and  alloys  of  iron  and  phosphorus,  and  showed  that  by  its  use 
phosphide  and  carbide  of  iron  could  readily  be  distinguished, 
while  Heycock  and  Neville  proved  its  value  in  their  work  on 
the  copper-tin  alloys.  Stead  has  also  applied  the  method  to  the 
determination  of  the  distribution  of  phosphorus  in  steel.  In 
a  paper  on  "  Metallographic  Methods  for  the  Detection  of 
Phosphorus  in  Steel,"  read  before  the  Cleveland  Society  of 
Engineers  in  December  last,  Stead  gives  details  of  the  heat- 
tinting  method  suitable  for  this  purpose.  The  specimen  is 
floated  on  a  bath  of  molten  tin  at  a  temperature  of  about 
300°  C,  and  allowed  to  remain  until  the  whole  surface  has 
a  reddish-brown  colour.  On  examining  the  specimen,  the 
portions  richest  in  phosphorus  will  be  detected  by  their  blue 
colour,  since  the  parts  which  are  richer  in  phosphorus  than 
the  surrounding  metal  become  coloured  more  quickly.  The 
preliminary  treatment  of  the  specimen  before  it  is  raised  to 
the  tinting  temperature  is  important.  Washing  with  a  1  per 
cent,  solution  of  picric  acid  in  alcohol  is  recommended,  and 
the  surface  should  always  be  "  cleaned  by  rubbing  with  a 
clean  piece  of  linen  or  cotton.  The  specimen  is  heated  to 
about  150°  C,  and  then  rubbed  with  a  clean  piece  of  chamois 
leather  while  still  hot."  It  is  then  immediately  raised  to  the 
tinting  temperature. 

Instead  of  heating  in  air,  and  obtaining  a  coloured  oxide 
film.  Stead  has  shown  that  other  atmospheres  may  be  used, 
such  as  sulphuretted  hydrogen  or  bromine.  The  use  of  an 
atmosphere  containing  bromine  for  the  examination  of  Muntz 
metal  *  has  been  described  recently  by  Stead  in  this  Journal. 

Heat-tinting  appears  to  require  considerable  experience  in 
order  to  obtain  consistent  results,  and  the  author,  among 
others,  cannot  rely  upon  it  to  be  uniformly  successful. 

In  conclusion,  the  author  gives  on  the  following  page  a 
summary  of  the  principal  reagents  for  particular  metals  and 
alloys,  as  described  in  detail  elsewhere  in  the  paper. 

*  Journal  of  the  Institute  of  Metals,  No.  1,  1914,  vol.  xi.  pp.  135-137. 
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Etching  Reagents  Suitable  for  Particular  Metals 
AND  Alloys. 

The  following  list  gives  the  principal  reagents  which  have 
been  found  especially  suitable  for  different  metals  and  alloys, 
some  account  of  each  reagent  being  given  in  the  preceding 
pages  (for  Index,  see  p.  193). 

Ammonia,   ammonium   persulphate,   bromine    (with   ammonia),   copper- 
ammonium  chloride. 

Brasses. 

Ammonia,  ammonium  persulphate,  copper-ammonium  chloride,  electro- 
lytic etching,  ferric  chloride,  chromic  acid,  nitric  acid. 

Bronzes. 
Ammonia,  ammonium  persulphate,  ferric  chloride. 

GopjKr-A luviimum  A lloys  (A lummmm  Bronzes). 

Ammonium    persulphate,    ferric    chloride,    copper-ammonium    chloride, 
nitric  acid. 

German  Silver. 
Ammonium  persulphate,  ferric  chloride. 

Nickel-Co2)2^er  Alloys,  Monel  Metal,  dr. 
Electrolytic  etching. 

Gold  and  rich  Gold  Alloys,  Platinum  and  its  Alloys. 
Aqua  regia  (dilute). 

Aluminium  and  Light  Aluminium  Alloys. 
Caustic  soda,  hydrochloric  acid,  hydrofluoric  acid. 

Lead,  Tin,  and  their  Alloys  {White  Metal,  dc). 

Chromic  acid  in  nitric  acid,  ferric  chloride,  hydrochloric  acid,  nitric  acid, 
silver  nitrate. 

Zinc  and  Alloys  rich  in  Zinc. 
Caustic  soda,  iodine. 

Iron  and  Steel. 
Reagents  given  in  separate  section. 
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DISCUSSION. 

Professor  A.  K.  Huntington,  A.K.S.M.  (Past-President),  in  opening 
the  discussion,  said  that  as  Chairman  of  the  Publication  Committee  he 
desired  to  express  that  Committee's  great  appreciation  of  the  way  in  which 
Mr.  Hudson  had  responded  to  their  request  to  compile  the  paper.  Mr. 
Hudson  had  not  had  very  much  time  in  which  to  compile  it,  and  he  had  had 
to  communicate  with  members  of  the  Institute  living  at  great  distances, 
to  receive  communications  from  them,  and  to  put  all  those  communica- 
tions together — not  merely  stringing  them  together,  but  taking  the 
valuable  material  out  of  each.  He  thought  Mr.  Hudson  had  done  that 
in  a  most  admirable  manner,  and  he  was  sure  the  members  would  agree 
that  the  paper  was  an  exceedingly  valuable  contribution  to  the  Insti- 
tute's proceedings.  It  would  be  of  immense  value  to  many  workers, 
especially  to  young  workers,  and  for  a  long  time  to  come  would  be  a 
standard  work  of  reference,  especially  if  Mr.  Hudson  did  what  he 
believed  he  intended  to  do,  namely,  add  further  communications,  which 
might  be  sent,  to  those  he  had  already  got  together.  There  were  one  or 
two  points  which,  no  doubt,  Mr.  Hudson  himself  had  noticed.  For 
instance,  such  a  thing  as  vacuum  etching  might  be  added  with  advantage, 
and  he  noticed  that  in  America  they  were  etching  up  the  copper-oxide 
eutectic  in  copper  with  hydrogen,  which  seemed  to  show  up  the  structure 
better.  Many  other  things  like  that  would,  no  doubt,  come  to  Mr. 
Hudson's  knowledge. 

The  Chairman  inquired  Avho  had  done  the  hydrogen  etching. 

Professor  Huntington  said  he  saw  it,  he  thought,  in  the  last  Journal 
but  one  of  the  American  Institute  of  ^Mining  Engineers.  It  was  in 
operation  at  works. 

Sir  Thomas  K.  Rose,  D.Sc.  (Member  of  Council),  said  that  he  had 
been  very  much  interested  in  the  paper,  which  would  be  a  valuable 
addition  to  the  Proceedings.  He  was  sure  that  there  were  a  number  of 
useful  additions  which  Mr.  Hudson  would  be  able  to  make  to  the  paper. 
It  was  well  worth  Mr.  Hudson's  while  to  make  those  additions,  and  thus 
make  the  paper  as  complete  as  possible. 

Polish  attack  seemed  to  him  rather  a  heroic  measure,  and  if  they  could 
avoid  it  he  thought  most  busy  men  would  not  care  to  use  it.  He  was 
quite  prepared  to  believe  that  things  could  be  done  with  it  which  could 
not  be  done  in  any  other  way.  On  one  occasion  he  had  had  to  examine 
silver-cadmium  alloys.  He  tried  a  number  of  reagents  without  success, 
until  he  used  polish  attack  with,  if  he  recollected  aright,  a  very  dilute 
solution  of  cyanide  of  potassium.  He  found  he  could  not  get  the  struc- 
ture out  in  any  other  way,  but  it  took  so  much  time  that  he  had  wished 
he  could  have  found  something  that  would  have  enabled  him  to  dispense 
with  it.     Generally  speaking,  what  was  really  required  was  some  liquid 
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which  would  attack,  however  slowly — and  the  more  slowly  it  attacked  the 
better — and  which  would  go  on  by  itself.  The  ideal  method  was  to 
put  a  piece  of  metal  into  a  liquid  and  go  away  and  leave  it  and  be 
quite  certain  that  in  a  certain  number  of  minutes  the  whole  thing 
would  be  done.  The  sort  of  thing  he  meant  is  set  out  on  page  204, 
where  the  author  said :  "  Rosenhain  also  uses  this  reagent  for  pure 
lead,  which  'is  satisfactorily  etched  by  prolonged  immersion  in  dilute 
nitric  acid  in  water  (5  to  10  per  cent.).'"  That  was  the  kind  of 
method  he  admired  and  preferred  for  his  own  use.  A  little  lower  down 
the  author  said,  "Nitric  acid  of  1'2  specific  gravity  is  used  by  L.  Arch- 
butt  for  white  metals,  the  structure  usually  being  developed  well  in  ten 
seconds."  That  was  a  method  which  he  thought  ought  to  be  avoided. 
If  nitric  acid  of  1-2  would  do  the  work  in  ten  seconds,  an  effort  ought 
to  be  made  to  find  the  strength  of  nitric  acid  which  would  do  it  in  ten 
minutes  or  forty  minutes.  Occasionally  one  required  the  structure  out 
at  once,  but  often  more  time  was  saved  if  the  etching  reagent  could  be 
trusted  to  bring  out  the  structure  without  being  watched.  If  the  action 
were  sufficiently  slow,  then  it  was  ipso  facto  all  the  easier  to  stop  at  the 
right  moment.  The  hit  or  miss  method  of  etching  in  ten  seconds  was 
one  which  led  to  repeated  failures.  He  had  to  congratulate  Mr.  Hudson 
on  his  very  able  paper. 

Dr.  W.  RosKXHAiN,  F.R.S.  (Member  of  Council),  said  that  he  shared 
fully  the  views  which  had  already  been  expressed  as  to  the  value  of  the 
compilation  and  as  to  the  skill  and  ability  with  which  it  had  been  put 
together.  Unfortunately,  so  far  as  his  own  contribution  of  data  towards 
it  was  concerned,  they  were  made  at  the  ll'9th  hour.  He  had  only 
returned  to  England  a  week  or  two  before  it  was  time  to  complete  the 
matter,  and  some  of  his  colleagues  had  thought  they  would  like  to  wait 
until  his  return.  The  result  was  that  what  he  had  sent  in  had  been  done 
hurriedly,  and  there  were  a  good  many  things  on  which  he  would  take 
the  present  opportunity  of  adding  one  or  two  words — for  instance,  the 
matter  of  polish  attack.  In  his  opinion  polish  attack  was  a  very  excel- 
lent tool  in  the  hands  of  an  expert.  It  was  a  two-edged  kind  of  tool, 
however.  When  he  first  tried  polish  attack,  a  good  many  years  ago,  he 
failed  completely,  because  he  always  got  his  specimens  scratched.  It 
was  not  polish  attack,  but  scratch  attack.  The  result  was  disastrous. 
Kot  only  that,  but  even  if  scratching  could  be  avoided — and  it  was  not  so 
easy  as  it  sounded  to  avoid  it — if  there  were  any  extraneous  matters, 
such  as  grease,  one  was  apt  to  get  streaks  on  the  specimen,  and  the  most 
wonderful  constituents  resulted.  The  difficulty  both  he  and  his  colleagues 
at  the  laboratory  found  was  that  while  they  could  generally  get  a  satis- 
factory etching  in  the  end,  it  was  not  always  possible  to  get  it  the  very 
first  time.  If  it  were  possible  to  find  reagents — and  he  was  hoping  to 
find  them  as  a  result  of  the  paper — that  would  work  every  time  and 
work  right  every  time,  it  would  be  a  great  saving  of  time.  There  was 
one  difficulty  about  it.  He  thought,  in  a  great  many  cases,  the  first  etch- 
ing was  never  any  good.     He  would  quote  as  a  typical  example  a  case  of 
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some  steel  he  had  recently  been  examining.  He  had  taken  one  of  the 
new  reagents  which  were  dependent  on  the  distribution  of  phosphorus  in 
steel,  and  he  had  found  that  nearly  every  time  the  first  etch  was  not 
much  good.  It  depended  a  good  deal  on  the  reagent  which  was  being 
used  how  far  that  was  the  case ;  but  there  was  no  doubt  that  the  surface 
smear  which  occurred  during  polishing,  and  still  more,  the  sub-surface 
disturbance  which  underlaid  the  final  polished  surface — if  somewhat 
rough  methods  had  been  used  in  cutting  the  specimens — tended  to  disturb 
the  pattern  which  was  obtained.  The  only  way  to  get  over  it  was  to  go 
down  step  by  step  and  etch  and  polish  alternately,  perhaps  half  a  dozen 
times,  until  it  was  found  that  the  re-polishing  and  etching  did  not  alter 
the  pattern  any  further.  He  might  add  as  a  note  of  warning,  that  there 
was  hung  up  in  one  of  the  rooms  of  the  laboratory  a  photograph  of  a 
most  wonderful  and  beautiful  structure  developed  in  a  piece  of  boiler 
plate.  The  structure  was  of  such  a  nightmareish  character  that  he  had 
hesitated  to  say  anything  about  it  in  connection  with  a  paper  which  he 
had  in  prfeparation.  He  was  very  glad  afterwards  that  he  had  hesitated, 
because  he  found  similar  appearances  in  other  pieces  of  steel ;  but  on  re- 
polishing  and  re-etching  and  re-polishing  and  re-etching  the  whole  of  that 
nightmareish  character  disappeared,  and  the  thing  became  perfectly  normal. 
It  was  purely  and  entirely  a  sub-surface  disturbance  due  to  the  grinding 
which  had  taken  place.  Those  at  the  laboratory  were  very  careful  about 
their  grinding,  he  might  say.  Slow-running  discs  were  used,  and  all  the 
emery  work  was  done  by  hand,  and  that  kind  of  serious  disturbance  was 
not  to  be  anticipated.  Yet  there  had  been  that  amazing  pattern,  and  it 
showed  the  necessity  for  very  great  caution  in  interpreting  things  of  that 
sort.  Of  course,  that  was  one  of  the  great  objections  to  all  methods  of 
surface  staining.  If  none  of  the  metal  was  removed,  one  was  apt  to  be 
misled.  Heat  tinting  was  very  dangerous  from  that  point  of  view. 
There  was  no  doubt  that  a  polish  attack,  because  it  consisted  in  erosion 
as  well  as  chemical  action,  had  advantages  from  that  point  of  view. 

There  were  one  or  two  points  worth  considering  in  the  matter  of  the 
further  development  of  etching  technique,  because  he  did  not  think  any- 
thing like  finality  in  that  connection  had  yet  been  reached.  The  ex- 
perience which  Mr.  Haughton  and  he  had  recently  had  in  cpnnection 
with  steel  indicated  a  possible  line  of  advance.  So  far,  their  etching 
reagents  had  generally  acted  in  pure  metal,  for  instance,  by  differentiat- 
ing one  crystal  from  its  neighbour  according  to  its  orientation,  and  in 
alloys  differentiating  one  constituent  from  another  by  diflerences  of 
chemical  behaviour.  But  it  might  happen  that  there  were  chemical 
differences  other  than  those,  such,  for  instance,  as  the  coring  of  a  solid 
solution.  A  great  many  reagents  showed  that ;  others  did  not,  and  the 
combination  of  a  suitable  system  of  reagents  to  bring  about  the  develop- 
ment of  all  the  kinds  of  coring  that  might  be  present  was  desirable.  It  was 
perfectly  conceivable — in  fact,  he  thought  it  followed  from  a  consideration 
of  ternary  equilibria — that  there  could  be  in  a  ternary  alloy  two  more  or 
less  independent  systems  of  coring.  One  might  actually  get  a  maximum 
of  concentration  of  one  component,  and  then  a  zone  in  which  that  com- 


216  Discussion  on  Hudson  s  Paper 

ponent  was  absent.  It  might  happen  that  if  one  etched  a  thing  like 
that  with  one  reagent,  one  would  show  the  coring  due  to  one  member  of 
the  ternary  system ;  and  if  one  used  another  one,  one  would  get  the 
coring  due  to  another.  It  behoved  members  to  keep  their  eyes  open  for 
possibilities  of  that  sort.  Discoveries  of  that  kind  were  generally  quite 
accidental,  and  that  was  why  he  thought  it  well  to  call  attention  to  the 
possibility,  so  that  if  people  did  get  apparently  inexplicable  and  contra- 
dictory results  with  some  new  etching  medium,  they  would  not  think  it 
a  thing  to  be  thrown  away  on  that  account,  but  to  \>q  followed  up  most 
carefully,  because  that  was  where  the  promise  of  progress  lay.  There 
was  another  thing  which  ought  to  be  done  more  than  was  being  done  at 
present,  and  that  was  to  cai'ry  out  etching  under  moderate  magnification, 
under  direct  observation  under  the  microscope  while  the  etching  was 
going  on.  In  that  way  it  was  possible  to  obtain  most  instructive  data. 
For  instance,  in  the  case  of  steel,  a  reagent  which  was  frequently  used 
was  a  solution  of  1  to  2  per  cent,  of  nitric  acid  in  glycerine.  That 
sounded  an  explosive  sort  of  combination,  but  in  that  degree  of  dilution 
it  was  quite  harmless.  If  such  a  solution  was  painted  on  to  the  surface 
of  steel,  for  instance,  with  a  brush,  and  it  was  watched  under  a  magnifi- 
cation of  50  or  100  with  an  objective  that  had  a  fair  working  distance, 
care  being  taken  not .  to  smear  the  acid  niixture  on  to  the  microscope 
itself,  a  slow  etching  would  be  obtained.  It  could  be  watched  under 
the  microscope,  and  when  the  desired  state  was  reached,  the  specimen 
could  be  taken  out  and  washed,  and  there  would  be  the  thing  developed 
to  just  the  particular  stage  required.  It  was  a  little  slow — it  might 
take  a  quarter  of  an  hour  or  so— but  it  was  very  certain,  and  in  some 
cases  very  instructive.  As  an  example,  in  certain  ternary  steels  one  had 
a  homogeneous  solid  solution  which  decomposed  under  the  influence  of 
strain.  If  one  of  these  steels  were  strained,  slip  bands  would  first  of  all 
begin  to  develop.  If  it  were  painted  with  the  glycerine  etching  he  had 
just  mentioned,  the  martensitic  constituent  would  be  developed  under 
one's  very  eyes  along  the  edges  of  the  slip  bands.  It  was  like  watching 
a  photographic  plate  develop,  and  it  gave  a  clearness  of  understanding  of 
what  was  going  on  which  a  mere  comparison  after  it  was  all  finished 
would  never  give.  It  was  a  process  which  was  certainly  worth  using  at 
times  for  special  purposes. 

Then  there  were  two  other  kinds  of  etching  worth  mentioning.  Pro- 
fessor Huntington  had  referred  to  one,  namely,  vacuum  etching.  That 
was  an  elaborate  and  laborious  thing,  but  for  certain  purposes  it  rendered 
useful  service.  Still  more  important  was  the  kind  of  etching  which  had 
come  to  be  known  as  heat  relief  etching.  What  exactly  was  the  cau.se 
of  heat  reliefs  he  was  not  prepared  to  say,  but  there  was  no  doubt  that 
merely  heating  a  piece  of  metal  having  a  polished  surface  in  a  neutral 
atmosphere  or  in  a  vacuum  would  produce  upon  its  surface  a  pattern 
corresponding  to  the  crystalline  structure  df  the  material  at  some  parti- 
cular temperature.  If  there  was  an  allotropic  transformation  or  dimorphic 
change,  the  two  patterns  would  actually  be  superimposed  one  upon  the 
other.      For  instance,   the  y-iron  and  the  a-^  crystallization  could   be 
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beautifully  seen  in  a  piece  of  polished  steel  which  had  been  heated  up  to 
say  1000°  C.  in  a  vacuum  or  in  hydrogen;  it  showed  both  the  y  crystals 
and  the  a-/3  crystals  most  clearly,  and  the  relations  of  one  to  the  other. 
A  very  similar  thing  could  be  done  with  the  copper  zinc  alloys,  but  a 
vacuum  must  not  be  used  in  that  case,  because  that  would  distil  off  the 
zinc.  That  was  a  thing  to  be  considered — what  was  the  easiest  way  to 
do  it?  That  was  certainly  a  method  capable  of  revealing  a  good  deal 
about  the  structure  which  the  ordinary  etching  reagents  did  not  reveal 
at  all.  His  object  in  mentioning  those  matters  was  partly  to  amplify 
the  contribution  he  had  sent  to  Mr.  Hudson,  and  also  to  try  to  get  out- 
side the  closed  ring  of  reagents  contained  in  bottles.  The  subject 
required  to  be  looked  at  broadly,  and  every  device  used,  physical  as  well 
as  chemical,  for  developing  the  structures  of  materials.  There  was 
another  form  of  etching  which  had  not  been  referred  to  at  all,  namely, 
strain  etching.  The  structure  of  the  metal  could  be  beautifully  developed 
by  simply  subjecting  it  to  plastic  strain  after  it  had  been  polished.  Of 
course,  that  method  was  limited  to  ductile  materials,  although,  curiously 
enough,  even  so  apparently  brittle  a  metal  as  bismuth  would  show  signs 
of  strain  etching  just  before  it  broke.  If  a  polished  piece  of  bismuth 
were  taken  and  broken,  distinct  signs  of  strain  could  be  seen  in  the  metal 
close  to  the  fracture.  That  again  was  a  special  method  which  had  its 
uses,  and  certainly  its  limitations. 

Professor  T.  Turner,  M.8c.  (Vice-President),  remarked  that  the  time 
was  ripe  for  collecting  together  the  information  which  was  available  on 
the  subject,  and  the  Institute  was  indebted  to  Mr.  Hudson  for  having 
made  that  collection,  and  for  adding  to  it,  as  he  had  done,  the  result  of 
his  own  practical  experience.  The  members  knew  Mr.  Hudson  to  be 
very  expert  in  the  particular  kind  of  work  wdth  which  the  paper  dealt. 
There  was  one  direction  which  had  suggested  itself  to  him,  although  he 
had  never  had  an  opportunity  of  dealing  with  it,  and  that  was,  in  con- 
nection with  polish  attack.  He  did  not  see  why  something  in  the 
nature  of  a  gentle  sand-blast  should  not  be  attempted.  It  was  well 
known  that  in  sand-blasting,  if  material  was  of  varying  hardness,  an 
appearance  developed  something  like  the  damascene  on  an  old  rifle 
barrel.  He  was  inclined  to  think  that  if  a  suitable  material  were  sjjread 
or  forced  upon  the  surface  of  the  specimen,  without  sufficient  force  to 
actually  indent  or  too  much  roughen  it,  a  preliminary  polish  attack 
might  be  introduced  by  a  method  of  that  sort.  It  would  have  to  be 
done  gently,  but  sand-blasting  was  an  extremely  simple  way  of  cleaning 
the  surfaces  of  ordinary  castings,  for  example,  and  developing  a  certain 
amount  of  structure. 

Professor  A.  K.  Huntington,  A.RS.M.  (Past-President),  said  that, 
in  reference  to  what  Professor  Turner  had  just  been  saying,  he  had  tried 
many  years  ago  the  idea  of  susi^ending  fine  powders,  immersed  in  a  vis- 
cous solution,  and  rotating  the  specimens  in  that  viscous  solution  with 
the  object  of  getting  a  fine  polish   in   the  case  of    white  metals,  soft 
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coppers,  and  so  on.  The  idea  had  always  appealed  to  him,  but  at  that 
time  he  did  not  go  very  far  with  it  as  he  was  busy  with  other  matters. 
He  had,  however,  gone  the  length  of  purchasing  a  little  electric  motor 
for  it,  and  a  certain  number  of  experiments  were  tried.  He  forgot  exactly 
the  details,  but  certainly  glycerine  had  been  used,  and  various  other 
viscous  bodies  in  which  were  suspended  fine  powders.  By  that  means 
one  had  a  great  range.  Different  viscosity  and  different  powders  could 
be  used.  It  certainly  seemed  as  if  there  were  possibilities  in  it,  and  it 
was  only  yesterday  that  he  instructed  his  assistant  to  get  together  some 
apparatus  with  the  object  of  going  on  again  with  it,  in  order  to  see  if  any- 
thing could  be  done.  He  intended  to  try  paraffin  wax.  All  degrees  of 
viscosity  could  be  obtained  by  warming  it.  It  was  at  present  only  an 
idea,  and  he  had  not  carried  the  matter  out  to  any  successful  result. 
Professor  Turner's  remarks  had  called  the  matter  to  his  mind,  and  he 
thought  it  might  be  worth  mentioning  that  something  of  the  sort  had 
been  attempted. 

Dr.  W.  KosENHAiN,  F.R.S.  (Member  of  Council),  said  that  the  idea 
interested  him  a  good  deal,  because  he  had  been  at  work  on  the  same 
thing  at  intervals  over  a  very  long  time.  He  had  tried  to  polish  very 
soft  materials  like  pure  gold  and  silver  and  lead,  and  he  had  had  a 
little  success  by  fixing  the  specimen  above  the  ordinary  polishing  disc, 
not  in  contact  with  it,  but  just  out  of  contact  with  it,  and  then  feeding 
on  the  polishing  medium  in  a  very  thin  paste  and  in  a  generous  stream. 
The  result  was  that  the  rotating  disc  swept  the  polishing  liquid  under- 
neath the  specimen,  and  the  polishing  medium  abraded  the  specimen 
accordingly.  Unfortunately  it  was  a  method  which  worked  very  slowly 
indeed. 

In  an  endeavour  to  carry  the  matter  rather  further,  he  had  had  a 
machine  constructed  in  which  a  rotating  disc,  whose  edge  was  so  shaped 
as  to  carry  the  polishing  paste  round  with  it,  was  made  to  run  at  a  high 
speed,  and  in  such  a  way  as  to  pass  extremely  close  to  the  surface  which 
was  to  be  polished,  but  without  touching  it.  The  intention  was  that 
the  polishing  medium  should  be  driven  past  the  surface  at  a  high  speed 
and  under  considerable  pressure.  Unfortunately,  purely  mechanical  diffi- 
culties had  prevented  the  idea  from  attaining  success;  with  the  ex- 
tremely small  clearance  which  was  essential,  difficulty  arose  in  getting  the 
bearings  to  work  well,  particularly  as  the  polishing  medium  tended  to 
be  forced  into  them.  As  a  result  of  these  difficulties,  the  machine  had 
been  temporarily  abandoned. 

His  object  in  these  trials  was  not,  of  course,  etching  by  abrasion,  but 
simple  polishing.  Abrasion  etching  was  difficult  because  all  projecting 
edges  tended  to  become  rounded  off. 

Dr.  C.  H.  Desch  (Glasgow)  said  that,  no  doubt,  there  were  a  good 
many  other  methods  which  might  be  added  to  those  already  compiled 
in  the  paper,  but  Mr.  Hudson  had  been  very  successful  in  collecting 
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together  most  of  the  important  ones.  There  was  a  very  old  method 
which  he  supposed  was  generally  regarded  as  obsolete,  and  which,  in 
fact,  he  had  described  as  obsolete  himself,  and  that  was  the  method 
of  polishing  in  relief.  Actually,  however,  he  had  lately  found  that  that 
was  by  far  the  best  method  of  developing  certain  structures  in  the  light 
aluminium  alloys.  In  certain  of  these  alloys,  for  instance  duralumin,  he 
had  found  the  eutectic  to  be  more  perfectly  developed  by  a  process 
of  polishing  in  relief  than  by  any  process  of  etching.  Of  course,  in 
polishing  those  specimens  it  was  difficult  to  avoid  getting  the  eutectic 
in  relief.  The  method  he  used  was  to  grind  di)wn  on  carborundum, 
and  then  finish  the  polishing  on  selvyt  with  one  of  the  liquid  polishes 
sold  for  metal  polishing.  After  a  good  polish  had  been  obtained,  a 
thorough  rubbing  on  selvyt,  to  remove  every  trace  of  polishing 
powder,  left  the  eutectic  extraordinarily  sharp.  Every  detail  of  the 
eutectic  structure  was  reproduced,  and  he  had  never  got  it  quite  so 
sharp  with  any  etching  process.  He  quite  admitted  that  for  most 
alloys  the  process  of  polishing  in  relief  was  bad  on  account  of  the 
rounding  of  the  outlines.  Dr.  Rosenhain  had  called  attention  to  the 
fact  that  there  were  many  problems  in  connection  with  etching  which 
were  worth  investigation,  and  which  had  not  yet  been  fully  investigated. 
He  might  mention  the  case  of  the  reversal  of  etching  which  was  some- 
times extremely  puzzling.  In  etching  a  /5,  he  supposed  he  must  call 
them  a  /?'  brasses ;  where  the  proportion  of  a  was  large,  a  reversal  of 
etching  was  sometimes  found.  It  did  not  puzzle  anyone  who  was  used 
to  working  with  metals,  but  it  was  very  puzzling  to  students.  They 
sometimes  found  on  etching  that  the  ^  came  up  bright  and  the  a  dark 
— contrary  to  the  ordinary  behaviour.  He  did  not  know  that  that  had 
ever  been  fully  explained,  but  it  was  certainly  well  worth  investigating. 
There  were  other  cases  in  regard  to  other  alloys  which  he  had  come 
across.  He  had  also  met  with  cases,  referred  to  by  Dr.  Rosenhain,  of 
abnormal  structures  appearing  simply  due  to  imperfections  in  the  surface. 
Some  time  ago  he  had  had  a  specimen  of  nickel-steel  sent  to  him  that 
had  been  prepared  by  someone  else  and  etched,  which  showed  a  most 
remarkable  structure.  In  fact,  it  was  very  difficult  indeed  to  believe 
it  could  be  due  to  any  defective  polishing,  because  the  outlines  of  the 
supposed  new  constituent  were  so  perfectly  defined.  Yet,  when  he 
came  to  re-polish  and  re-etch,  nothing  whatever  of  the  new  constituent 
was  to  be  found ;  it  was  purely  a  surface  effect,  which  disappeared  as 
soon  as  repeated  etching  was  applied.  He  might  also  say  a  word  in 
connection  with  coring.  There  was  a  very  remarkable  sharpness  some- 
times found  in  the  boundaries  separating  the  cores  from  the  outer  part 
of  the  crystal.  There  should  be  a  gradual  shading  from  the  interior  to 
the  outside,  but  very  often  such  remarkable  sharpness  was  found  that 
it  was  difficult  to  realize  that  it  was  a  single  micrographic  constituent 
which  was  there.  The  effect  varied  with  the  reagent.  With  one  reagent 
a  sharp  boundary  was  obtained,  and  then,  on  etching  the  same  specimen 
with  a  different  reagent,  a  gradual  transition  was  observed.  These 
questions  seemed  worthy  of  investigation. 
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The  Chairman  (Professor  H.  C.  H.  Carpenter,  M.A.,  Ph.D.,  Vice- 
President)  said  that  he  would  like  to  allude  to  one  point,  namely,  the 
etching  of  pure  nickel.  He  noticed  that  in  his  list  the  author  said  that 
electrolytic  etching  was  useful  for  nickel-copper  alloys,  Monel  metal, 
&c.,  but  no  mention  was  made  of  the  etching  of  pure  nickel.  As  was 
well  known,  it  was  very  difficult  to  get  sound  castings  of  this  metal 
without  the  addition  of  some  other  metal,  and  he  had  found  consider- 
able difficulty  himself  in  etching  pure  cast  nickel  which  was  certainly 
unsound.  He  would  like  to  ask  Mr.  Hudson  whether  he  could  give 
any  information  as  to  the  most  satisfactory  method  of  etching  the  pure 
metal. 

Mr.  Hudson,  in  reply,  thanked  the  members  for  the  very  kind  way 
in  which  they  had  received  his  paper.  He  desired  again  to  emphasize 
that  it  was  not  so  much  his  own  paper  as  a  compilation  of  the  experience 
of  other  workers ;  in  fact,  he  had  perhaps  rather  gone  out  of  his  way  to 
limit  it  to  the  experiences  which  had  actually  been  placed  at  his  disposal. 
He  had  not  the  least  doubt  that  there  were  other  matters  that  might 
have  been  described,  and  he  was  sure  the  Publication  Committee  would 
b^  only  too  glad  if  any  other  methods  known  to  members  were  fully 
described  and  included  in  the  proceedings.  Professor  Huntington  had 
suggested  two  or  three  methods,  and  Dr.  Roseuhain  had  done  the  same. 
Those  were  not  dealt  with  in  the  paper,  although  they  had  not  been 
perhaps  enth;ely  forgotten,  simply  because  either  he  had  had  no  actual 
experience  of  them  himself,  or  they  were  not  described  in  the  communi- 
cations he  had  received.  Tlie  method  of  polish  attack  has  been  discussed 
somewhat  fully,  and  criticized  to  some  extent,  but  he  really  thought 
that,  so  far  as  the  discussion  had  gone,  the  method  of  polish  attack 
had  been  rather  upheld.  The  criticism  which  Sir  Thomas  Rose  had 
made,  namely,  that  the  polish  attack  was  rather  a  lengthy  method,  he 
could  not  agree  with.  As  far  as  his  own  experience  went,  it  was  a  rapid 
method,  and,  compared  with  most  pure  etching  methods,  it  was  much 
more  rapid  and  certain.  The  results  which  could  be  obtained  were 
generally  more  under  control  by  means  of  polish  attack  than  with  ordi- 
nary etching.  The  question  of  polishing  by  means  of  the  flow  of  the 
polishing  powder  in  liquids  was  really,  he  thought,  related  to  that  of 
polish  attack  when  properly  carried  out.  In  the  polish  attack,  one  kept 
a  thin  film  of  a  very  fine  polishing  powder  between  the  parchment,  or 
whatever  was  used,  and  the  specimen.  Another  criticism  which  Dr. 
Rosenhain  had  made  in  connection  with  the  polish  attack  was  the  forma- 
tion of  streaks.  This,  again,  did  not  accord  with  his  own  experience  at 
all,  which  was  that  the  polish  attack  was  the  very  best  method  by  which 
to  avoid  any  of  those  streaks  or  accidental  markings  or  etching  effects 
on  the  surface.  In  fact,  Dr.  Rosenhain's  contention  that  the  first  etch 
was  not  satisfactory  pointed  to  some  method  of  polish  attack  as  being  a 
suitable  method.  With  regard  to  relief  polishing,  that  was  a  method  he 
thought  which  might  very  well  be  dealt  with  in  some  detail  in  the  final 
copy  of  the  paper.     He  quite  agreed  with  Dr.  Desch  that  under  certain 
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conditions  it  was  an  extremely  valuable  method  of  developing  the  struc- 
ture. With  regard  to  the  etching  of  pure  nickel,  he  was  afraid  he  had 
no  personal  experience  to  offer  Professor  Carpenter,  but  perhaps  the 
questions  would  be  answered  later  in  the  communications. 


COMMUNICATIONS. 


Mr.  J.  L.  Haughton,  M.Sc.  (Teddington),  wrote  to  inquire  if  either 
Mr.  Hudson  or  Sir  Thomas  Rose  could  give  any  further  details  with 
reference  to  the  etching  of  platinum.  Some  time  ago  he  had  had  to 
etch  a  number  of  samples  of  platinum-iridium  wire,  and  found  that  the 
only  attack  which  developed  the  structure  in  a  satisfactory  manner  was 
that  given  by  about  ten  minutes'  boiling  in  strong  aqua  regia.  This 
method  was  lengthy  and  messy,  and  necessitated  the  use  of  a  fume 
cupboard.  If  any  better  method  were  known,  it  would  be  useful  to 
include  it  in  the  valuable  list  which  Mr.  Hudson  had  drawn  up. 

Mr.  F.  Johnson,  M.Sc.  (Birmingham),  wrote  to  suggest  that  the 
hydrofluoric  acid  etching  method  for  distinguishing  between  cuprous 
oxide  and  cuprous  sulphide  in  copper  might  be  included  in  the  author's 
list.     This  method  of  etching  was  first  described  by  Heyn.* 

Mr.  Hudson,  in  reply  to  the  written  communications,  wrote  that  he 
regretted  he  did  not  know  of  a  better  etching  reagent  for  platinum- 
iridium  alloys  than  aqua  regia,  to  which  Mr.  Haughton  referred.  He 
agreed  that  the  boiling  acid  was  an  unpleasant  material  to  deal  with,  but 
the  power  of  resisting  chemical  action  which  these  and  other  alloys 
possessed  made  it  difficult  to  suggest  other  reagents. 

He  wished  to  thank  Mr.  Johnson  for  drawing  attention  to  the  use  of 
hydrofluoric  acid  for  etching  copper.  Mr.  Johnson  had  mentioned  its 
use  and  the  effect  produced  in  a  previous  volume  of  the  Journal,  t 

He  had  also  been  informed  by  Mr.  Johnson  that  since  sending  in 
his  communication  he  (Mr.  Johnson)  had  discovered  that  two  or  three 
minutes'  immersion  in  a  dilute  (say,  1  per  cent.)  solution  of  potassium 
cyanide  had  the  same  effect  as  Heyn's  hydrofluoric  acid  method,  i.e.  the 
oxide  was  blackened  while  the  sulphide  was  unaffected.  Potassium 
cyanide  was,  of  course,  a  much  more  convenient  reagent  to  use  than 
hydrofluoric  acid. 

Mr.  Hudson  wished  again  to  thank  those  gentlemen  who  had  supplied 
information  embodied  in  the  paper  itself  or  contributed  in  the  discussion. 

*  Metallurgie,  1906,  vol.  iii.  p.  73. 

+  Journal  of  the  Institute  of  Metals ,  No.  2,  1910,  vol.  iv.  p.  201. 
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THE    CONSTITUTION    OF   THE    ALLOYS 
OF   COPPER   WITH   TIN.* 

PARTS    I.   AND    II. 

By  JOHN  L.  HAUGHTON,  M.Sc,  of  the  National  Physical  Laboratory. 

PART    I. 

INTRODUCTION^. 

The  constitution  of  the  copper-tin  alloys  is  a  subject  which 
has  attracted  many  workers.  Leaving  on  one  side  the  early 
work  of  Riche,  Behrens,  Mallet,  Laurie,  Thurston,  and  others, 
the  earliest  systematic  study  of  the  series  was  undertaken  by 
Le  Chatelier,^  who  published,  just  over  twenty  years  ago,  a 
"  freezing-point  curve "  of  the  alloys.  He  was  followed  in 
1895  by  Roberts- Austen  and  Stansfield  J  who,  however, 
modified  their  curves  somewhat  in  1897.^  In  this  year 
Heycock  and  Neville  ||  published  a  complete  and  carefully 
worked  out  freezing-point  curve  which  agreed  well  with  that 
of  the  other  workers.  In  1903  Heycock  and  Neville  IT  pub- 
lished the  first  diagram  which  laid  any  claim  to  completeness. 
This  diagram  is  generally  accepted,  in  the  main,  as  being 
accurate,  though  in  several  places  it  is  obviously  not  com- 
plete, and  more  than  once  the  authors  claim  that  further 
investigation  is  necessary  on  some  of  the  points. 

In  1906  Shepherd  and  Blough  **  reinvestigated  the  series, 
modifying  the  earlier  diagram  in  several  respects.  Unfor- 
tunately they  show  none  of  the  photomicrographs  from  which 
they  draw  many  of  their  conclusions,  which  renders  it  difiicult 
to  compare  their  results  with  those  of  other  workers. 

*  Read  at  Annual  General  Meeting,  London,  March  19,  1915. 

t  Le  Chatelier,  Comptes  Rendns,  April  9,  1894. 

%  Roberts-Austen  and  Stansfield,  Zrd  Report,  Alloys  Research  Committee,  1895, 
Appendix  ii.  p.  269. 

§  Roberts-Austen  and  Stansfield,  Wi  Report,  Alloys  Research  Committee,  1897,  p.  67- 

II    Heycock  and  Neville,  Philosophical  Transactions.  1897.  vol.  clxxxix.  A,  p.  63. 

IT  Heycock  and  Neville,  "  On  the  Constitution  of  the  Copper-Tin  Series,"  Philosophical 
Transactions,  1903,  vol.  ccii.  A,  p.  1. 

**  Shepherd  and  Blough,  "  The  Copper-Tin  Alloys,"  Journal  of  Physical  Chemistry , 
1906,  p.  515. 
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The  next  investigators  of  the  series  were  Giolitti  and 
Tavanti,*  whose  diagram  differs  in  many  respects  from  the 
two  previous  ones.  It  cannot  be  said  to  be  at  all  as  complete 
as  those  of  the  other  authors,  though  one  or  two  points  in 
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Fig.  1. — Heycock  and  Neville's  Diagram. 
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FiG.  2. — Shepherd  and  Blough's  Diagram. 

the  series  appear  to  have  been  very  thoroughly  studied, 
notably  the  question  of  the  existence  of  the  compound  Cu.,Sn 
and  the  position  of  the  eutectic. 

*  Giolitti  and  Tavanti,  "  Sulle  Leghe  di  Rame  e  Stago,"  Gazetta  Chivtica  Italiana, 
1908.  p.  209. 
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These  three  diagrams  are,  as  far  as  the  author  is  aware,  the 
only  complete  ones  of  the  series  that  have  been  published, 
but  in  1913  Hoyt,*  in  an  appendix  to  his  paper  on  Cu-Zn-Sn 
alloys  gave  a  diagram  for   those   alloys   lying   between  pure 


Fig.  3. — Giolitti  and  Tavanti's  Diagram. 
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copper  and  60  per  cent.  tin.  With  regard  to  the  greater 
part  of  this  diagram,  however,  he  gives  neither  explanation  of 
how  it  was  obtained  nor  evidence  in  support  of  it. 

*  Hoyt,  "  On  the  Copper  Rich  Kalchoids,"  Journal  of  the  InstHule  of  Metals,  No.  2, 
1913,  vol.  X.  p.  235. 
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These  four  diagrams  are  reproduced  in  Figs.  1-4,  and  a 
glance  at  them  will  show  that,  although  in  broad  outline  they 
are  in  agreement,  there  are  considerable  divergences  in  several 
parts  of  the  field. 

These  divergences  may  be  divided  into  six  groups : 

1.  The  limit  of  solubility  of  tin  in  a.  This  varies  between 
5  per  cent,  tin  according  to  Giolitti  and  Tavanti  to  13  per 
cent,  tin  according  to  Shepherd  and  Blough.  Heycock  and 
Neville  and  Hoyt  agree  in  placing  it  at  about  10  per  cent.  tin. 

2.  The  existence  of  an  a  +  -y  area  (given  by  Hoyt  alone). 

3.  The  whole  area  between  20  per  cent,  tin  and  40  per 
cent,  tin  has  very  many  differences  in  all  the  diagrams,  at  all 
temperatures  from  the  liquidus  downward ;  indeed,  it  may  be 
said  that  the  liquidus  and  the  j^n  area  are  the  only  points 
in  reasonable  agreement  in  this  region. 

4.  The  range  and  position  of  the  e  region.  This  con- 
stituent is  not  shown  at  all  by  Giolitti  and  Tavanti ;  Heycock 
and  Neville  (who  call  it  H)  show  the  isolated  constituent  as 
existing  along  a  line  sloping  from  611  per  cent,  tin  to  6  5  per 
cent,  tin ;  Shepherd  and  Blough  show  it  as  a  narrow  strip 
having  at  its  temperature  of  formation  a  composition  of  from 
59'5  per  cent,  to  60"5  per  cent,  tin,  and  at  0°  C  a  composition 
ranging  from  59*5  per  cent,  tin  to  62*0  per  cent,  tin;  while 
Hoyt  gives  it  as  a  lenticular-shaped  area  forming  at  49  per 
cent,  tin  and  spreading  out  to  a  range  from  47  per  cent,  to  50 
per  cent,  at  300°  C.  Furthermore,  while  the  three  earlier 
investigators  agree  in  giving  the  temperature  of  formation 
as  400°  C,  Hoyt  gives  it  as  500°  C. 

5.  Transformations  occurring  below  250°  C.  from  40  per 
cent,  tin  to  the  e  region.  Heycock  and  Neville  show  one  at 
the  eutectic  temperature,  and  Shepherd  and  Blough  give 
two,  one  at  218°  C.  and  one  at  182°  C,  but  all  these  lines 
are  shown  dotted,  indicating  that  there  is  some  uncertainty 
about  them. 

6.  The  composition  of  the  eutectic.  Heycock  and  Neville 
give  this  as  99  per  cent,  tin;  Shepherd  and  Blough  as  98  per 
cent.;  and  Giolitti  and  Tavanti  as  94  per  cent. 

These  differences  are  considerable,  and  taken  together  they 
show  that  the  constitution  of  the  series  can  by  no  means  be 
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said  to  be  fully  known.  In  several  places  in  their  paper, 
Heycock  and  Neville  suggest  that  further  work  on  the  subject 
is  required,  while  the  latest  investigator,  Hoyt,*  says :  "  The 
necessity  for  reconstructing  the  copper-tin  diagram  seems 
very  certain,"  and  again,  "  The  author  .  .  .  has  tried  to  show 
the  necessity  of  reconstructing  the  copper-tin  diagram  as 
evident  from  certain  experimental  facts  recorded  in  this 
research,  and  to  suggest  how  this  further  work  can  best  be 
carried  out." 

A  thorough  and  complete  working  out  of  these  points  is 
too  large  a  subject  for  a  single  paper.  The  author  proposes, 
therefore,  to  investigate  them  one  by  one,  and  to  publish  his 
results  as  he  accumulates  sufficient  evidence  to  make  the 
publication  worth  while.  The  second  part  of  this  paper  is 
occupied  with  the  study  of  the  e  constituent  and  its  immediate 
neighbours. 

PART  II. 

THE   E  CONSTITUENT. 

As  stated  above,  the  alloys  to  be  considered  here  are  those 
consisting  of  the  constituent  called  H  (?  capital  >/)  by  Heycock 
and  Neville  and  e  by  Shepherd  and  Blough.  The  author  has 
retained  the  latter  terminology  throughout  as  seeming  more 
rational  than  the  former.     The  points  to  be  decided  were : — 

1.  Whether   there  is  more   than  one  definite  composition 

which  can  exist  as  pure  e. 

2.  What  is  this  composition  or  range  of  compositions. 

3.  The  temperature  at  which  e  is  formed. 

Materials  Used. 

The  materials  used  to  make  up  the  alloys  were  Kahlbaum's 
pure  tin  and  electrolytic  copper.  An  ingot  was  made  to 
have  a  composition  of  approximately  copper  45  per  cent.,  tin 
55  per  cent.  Analysis  showed  that  it  contains  copper  44*2 
per  cent.,  tin   55-7  per  cent.     The  other  alloys  were  made  by 

*  Loc.  c//.,  pp.  264,  265. 
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adding  tin  to  portions  from  this  ingot.  All  meltings  were 
done  in  an  atmosphere  of  coal  gas.  Six  alloys  were  made  as 
shown  in  Table  I. 


Table  I. 


Mark. 

Composition  aimed  at. 

Composition  by  Analysis. 

Cu. 

Sn. 

Cu. 

Sn. 

Ba      .        .        .         . 
I         .        .        .        . 
B        .        .        .        . 
4a       ...        . 
A        .        .        .        . 
17       ...         . 

45-0 
41-5 
41-0 
400 
39-0 
35-0 

55-0 
58-5 
59  0 
60-0 
61-0 
65  0 

44-2 
40'2 

55/7 
59-'8 

The  analysis  of  these  alloys  is  a  matter  of  considerable 
difficulty,  the  method  employed  being  that  described  by  the 
author  in  a  paper  read  to  this  Institute  in  1911.*  For 
carrying  out  these  analyses  the  author  is  indebted  to  Messrs. 
J.  D.  Grogan,  B.A.,  and  P.  Ward  of  the  Chemical  Division  of 
this  Laboratory. 


Thermal  Treatment. 

The  reaction  which  is  studied  in  the  part  of  the  diagram 
dealt  with  by  this  paper  is  one  which  occurs  at  comparatively 
low  temperatures.  Furthermore,  it  only  takes  place  to  any 
considerable  extent  by  means  of  diffusion  in  the  solid  state. 
It  is  obvious,  therefore,  that,  ccvteris  'paribus,  the  finer  the 
structure  of  the  material  prior  to  annealing  the  more  rapidly 
will  the  reaction  take  place,  as  under  these  circumstances 
the  distance  to  be  traversed  by  the  molecules  is  reduced. 

The  most  obvious  way  to  obtain  this  fine  structure  is  to 
quench  the  alloy  from  a  temperature  above  the  liquidus,  thus 
mhibiting  the  growth  of  the  crystals  as  much  as  possible. 
Indeed,  given   rapid  enough   quenching,  the  material  should 

*  "Volume   Changes   in  the  Alloys  of  Copper  with  Tin,"  J.   L.    Haughton  and  T. 
Turner,  Journal  of  Hie  Institute  of  Metals,  No.  2,  1911,  vol.  vi.  p.  210. 
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exist  as  a  non-crystalline  under-cooled  liquid.  In  practice, 
however,  such  a  condition  is  not  obtained. 

Preliminary  quenchings  were  done  by  pouring  the  molten 
metal  into  cold  water.  This  method,  however,  suffers  from 
two  serious  drawbacks.  In  the  first  place,  the  disruptive 
effect  of  such  treatment  is  well  known,  as  it  is  the  usual 
method  employed  for  granulating  metal,  slag,  &c.  The  alloy 
was  reduced  to  small  fragments  which,  though  undoubtedly 
of  very  fine  crystal  structure,  were  nevertheless  of  shapes  and 
sizes  very  unsuitable  for  the  subsequent  treatment  to  which  they 
were  to  be  subjected.  Furthermore,  all  the  alloys  in  question 
are  composed  of  solutions  which  begin  to  deposit  crystals  at 
temperatures  between  600°  C.  and  650°  C,  while,  in  some 
cases,  parts  of  them  remain  liquid  to  below  250°  C.  This 
being  so,  it  is  easy  to  imagine  that  some  of  the  constituents 
of  higher  melting  point  would  solidify  before  such  disruptive 
action  took  place,  while  the  rest  of  the  material  would  not 
solidify  till  after  this  had  happened,  and  thus  a  partial  sepa- 
ration of  the  constituents  might  take  place.  Whether  this 
is  so  or  not,  the  author  found  that  in  certain  cases  a  want 
of  agreement  existed  between  two  samples  from  the  same 
quenching. 

To  overcome  both  these  difficulties  a  wedge-shaped  mould 
was  made  of  thin  sheet  copper.  This  was  surrounded  by  a 
freezing  mixture  and  the  alloy  cast  into  it.  The  use  of  a 
wedge-shaped  mould  has  several  advantages.  In  the  first 
place,  different  rates  of  cooling  can  be  obtained  on  the  same 
ingot,  as  the  thick  head  of  the  wedge  cools  much  more  slowly 
than  the  thin  toe.  By  this  means  it  was  possible  to  see  if 
very  rapid  cooling  had  any  mechanical  effect  on  the  distribu- 
tion of  the  constituents,  or  if  the  discordant  results  mentioned 
above  were  due  to  the  disruptive  effect  of  the  "  granulating." 
It  may  be  mentioned  here  that  the  specimens  thus  made 
appeared  to  be  absolutely  uniform  in  composition  throughout. 
A  second  advantage  of  the  wedge  mould  was  as  follows: — 
While  the  metal  from  the  toe  of  the  wedge  was  very  rapidly 
quenched  and  was  suitable  for  annealing  and  microscopic 
examination,  it  was  too  thin  for  specimens  from  which  to 
take  heating  curves.     As  will  be  pointed  out  later,  it  is  not 
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essential  that  the  metal  from  which  the  heating  curves  are 
taken  should  be  in  complete  equilibrium  ;  all  that  is  necessary 
is  that  they  approximate  to  this  condition.  For  this  the 
metal  from  the  thick  head  could  be  used.  Thus  specimens 
suitable  for  annealing,  as  well  as  specimens  suitable  for  heating 
curves,  could  be  obtained  from  the  same  cast.  The  author 
wishes  at  this  point  to  express  his  indebtedness  to  Dr.  Rosenhain 
for  the  suggestion  of  the  wedge-shaped  mould,  the  use  of 
which  entirely  eliminated  the  discordances  which  he  had 
found  on  chilling  the  metal  by  pouring  it  into  water. 

Fig.  5  (Plate  YI.)  is  a  photomicrograph  of  an  alloy  as 
quenched  in  the  mould.  It  is  typical  of  the  whole  series, 
the  dark  constituent  (eutectic)  increasing  in  quantity  as  the 
tin  content  of  the  metal  rose. 

The  result  of  using  alloys  whose  microstructure  has  been 
"  refined  "  in  this  way  was  very  marked.  In  one  case  it  was 
found  that  annealing  for  twenty-one  hours  gave  a  result 
identical  with  that  obtained  by  Heycock  and  Neville  after 
as  many  days  of  annealing. 

Specimens  were  cut  from  the  toe  of  the  wedge  and  annealed 
for  varying  periods  in  a  specially  designed  thermostat  furnace. 
With  this  furnace  it  is  found  possible  to  keep  the  temperature 
constant  to  +  1°  C.  at  400°  C.  The  author  and  Mr.  D. 
Hanson,  M.Sc,  are  at  present  working  on  this  apparatus  in 
order  to  improve  it,  and  to  make  it  suitable  for  high  tempera- 
ture work,  and  they  hope  to  publish  their  results  shortly. 

When  the  specimens  had  been  sufficiently  annealed  they 
were  rapidly  withdrawn  from  the  furnace  and  quenched  in 
a  freezing  mixture. 

All  temperatures  were  measured  with  a  carefully  calibrated 
iron-constantan  thermocouple. 

The  thinness  and  brittleness  of  some  of  the  specimens 
rendered  the  polishing  for  micro-examination  a  somewhat 
difficult  matter.  In  order  to  overcome  this  the  alloy  was 
painted  with  a  coat  of  sealing-wax  varnish,  and  when  this  had 
set  hard,  was  embedded  in  a  fu.sible  alloy.  The  sealing-wax 
varnish  guarded  against  the  possibility,  in  itself  unlikely,  of 
the  specimen  becoming  contaminated  by  the  alloy. 
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Annealings  and  Micros  tructure. 

Heycock  and  Neville   have  shown  very  clearly  that    the  e 
constituent  is  formed  by  the  reversible  reaction 

the  reaction  taking  place  in  the  direction  shown  by  the  upper 
arrow  at  temperatures  below  400°  C.  (or  500°  C.  according  to 
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Fig.  6. — Heycock  and  Neville's  Diagram. 
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Fig.  7. — Shepherd  and  Blough's  Diagram. 
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Hoyt),  and  in  the  reverse  direction  above  this  temperature. 
According  to  these  authors  pure  e  contains  61*1  per  cent,  tin 
at  400°  C. ;  but  as  the  temperature  falls  the  solubility  for  tin 
increases  and  that  for  copper  decreases  down  to  218°  C,  after 
which  its  composition  remains  constant  at  65  per  cent.  tin. 
The  other  observers,  however,  with  the  exception  of  Giolitti 
and  Tavanti,  have  found  that  the  e  has  a  varying  composition 
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at  all  temperatures  below  400°  C.  This  is  seen  in  Figs.  1  to 
4,  or  on  a  larger  scale  in  Figs.  6  to  9.  It  may  be  noted  here 
that  if  the  compositions  given  in  the  latter  part  of  Hoyt's 
diagram  are  taken  as  being  expressed  in  atomic  percentage 
instead  of  weight  percentage,  the  diagram  will  be  brought  into 
much  closer  agreement  with  the  others  than  it  is  in  its  present 
form.     This  is  shown  by  the  dotted  lines  in  Fig.  9. 


57  5&  59  60  6i  65t.  63  6+ 

Fig.  8. — Giolitti  and  Tavanti's  Diagram." 
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Fig.  9. — Hoyt's  Diagram. 

The  dotted  lines  are  worked  out  on  the  assumption  that  the  tin-rich  end 

of  the  diagram  is  drawn  in  atomic  per  cents. 

The  author  would  hazard  the  suggestion  that  the  diagram 
was  worked  out  in  atomic  percentage,  and  owing  to  a  clerical 
error  only  the  first  part  was  converted  into  weight  per  cent. 

Table  II.  shows  the  principal  annealings  carried  out  in  the 
present  research,  and  Figs.  10-27  (Plates  VI.-X.)  illustrate  the 
results  obtained.     In  addition  to  these  many  other  annealings 
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were  undertaken ;  but  in  some  of  these  cases  complete  equili- 
brium was  not  attained,  and  others  were  done  for  the  purpose 
of  making  sure  that  no  further  change  was  produced  by  more 
prolonged  annealing. 

Let  us  consider  first  the  annealings  carried  out  at  3  90°  C. 
These  are  shown  in  Figs.  10  (Plate  VI.),  13  and  15  (Plate  VII.), 
19  (Plate  VIII.),  24  (Plate  IX.),  and   26   (Plate  X.).     From 


Table  II. 


Alloy. 


Tin 
per  Cent. 


Ba 


4a 


A 

17 


55-7 

58-5 
59-0 

59-8 

61-0 
65-0 


Annealing. 


Time, 
Hours. 


70 
100 
300 

50 
100 

71 

100 

300 

71 


48 
100 
300 

30 


74 
300 


30 
21 


Temperature, 
Deg.  C. 


390 
310 

210 

390 
310 

390 

310 

210 

/390 

\415 

390 

310 

210 

/390 

L415 

390 
210 

370 
(370 
\415 


Constituents. 


■)7  +  e 

r7  +  e 

77  +  e 
?;  +  £ 

C  e  + possible 
t  traces  of  t; 
•»?  +  € 
■»7  +  e 

^  +  e  +  eut. 


e  +  eut. 

e  +  eut. 

17  +  e 

7?  + e  +  eut. 


e  +  eut. 

€  +  eut. 


e  +  eut. 
7;  + e  +  eut. 
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these  photographs  it  is  obvious  that  as  the  copper  content 
decreases  the  r]  constituent  also  decreases,  until  the  alloy 
whose  composition  is  copper  41  per  cent.,  tin  59  per  cent,  is 
reached.  Here  the  alloy  consists  of  pure,  or  very  nearly  pure 
e  (Fig.  15,  Plate  VII.).  A  slight  additional  increase  of  tin 
causes  the  eutectic  to  appear,  and  this  increases  in  quantity 
with  the  tin  content.  Thus  alloys  lying  to  the  right  of  that 
containing   59   per  cent,  tin  consist  of  e  + liquid  eutectic;   59 
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per  cent,  is  pure  e,  and  those  to  the  left  of  this  consist  of  n  +  e. 
In  Fig.  15  (Plate  VII.)  one  or  two  very  small  white  spots  are 
visible.  These  may  be  particles  of  >;,  in  which  case  the  pure 
e  line  should  be  somewhat  further  to  the  right ;  but  a  com- 
parison with  Figs.  13  and  19  will  show  that  the  composition 
must  be  exceedingly  near  that  of  the  alloy  shown  in  Fig.  15. 

Annealing  at  310°  C.  gives  a  somewhat  different  result. 
As  before,  the  alloys  containing  5  6  per  cent,  and  58'5  per  cent. 
tin  (Figs.  11  and  14,  Plates  VI.  and  VII.)  consist  of  »?  +  e; 
but  it  will  be  apparent  that  in  the  latter  case  the  amount  of  n 
is  much  greater  in  the  alloy  annealed  at  310°  C.  than  in  that 
annealed  at  390°  C.  (c/.  Figs.  13  and  14,  Plate  VII.).  This 
observation  leads  us  to  expect  that  the  alloy  containing  59 
per  cent,  tin  annealed  at  310°  C.  will  not  consist  of  pure  e; 
and  Fig.  16  (Plate  VII.)  shows  that  it  contains  an  appreciable 
amount  of  >/.  The  difference  in  the  size  of  the  crystal  grains 
is  also  remarkable. 

Fig.  21  (Plate  IX.)  shows  the  alloy  containing  59'8  per  cent, 
tin,  which  has  been  annealed  at  310°  C.  It  will  be  observed 
here  that  complete  equilibrium  has  not  been  obtained,  as  traces 
of  r\  are  present  as  well  as  appreciable  quantities  of  eutectic. 
It  is  obvious,  however,  that  when  in  equilibrium  the  n  will 
have  disappeared  and  the  eutectic  will  be  somewhat  reduced 
in  quantity,  but  not  completely  removed.  We  can,  therefore, 
put  the  pure  e  point  at  310°  C.  as  somewhere  between  59  per 
cent,  tin  and  59*8  per  cent,  tin,  probably  at  59*5  per  cent. 

Finally,  as  regards  the  annealings  at  210  C.  Specimens 
containing  5 5 '7  per  cent.,  59  per  cent.,  59*8  per  cent.,  and  61 
per  cent,  tin  were  kept  at  this  temperature  for  300  hours. 
Of  these,  the  first  and  the  last  have  the  same  constituents  as 
they  have  at  390°  C,  though  the  distribution  of  these  consti- 
tuents has  somewhat  altered.  In  the  specimens  containing 
59*0  per  cent,  and  59'8  per  cent,  tin,  however,  a  radical  change 
has  taken  place.  Alloy  B  (59  per  cent,  tin),  which  contains 
»;  +  e  at  310°  C,  shows  an  appreciably  greater  quantity  of  n  at 
310  C,  while  in  alloy  4a  the  eutectic,  which  is  present  in 
the  specimens  annealed  at  390°  C.  and  310°  C,  has  disap- 
peared from  the  specimen  annealed  at  210°  C.  ;  and  the  alloy 
consists  of  ;;  +  e.     The  point  representing  the  composition  of 
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pure  e  at  210°  C.  must,  therefore,  be  between  5  9 '8  per  cent, 
tin  and  61-0  per  cent.  tin.  (See  Figs.  12,  Plate  VI. ;  17,  Plate 
VIII.;   22,  Plate  IX.;  and  25,  Plate  X.) 

It  will  be  observed  that  in  the  case  of  alloy  4a  (59*8  per 
cent,  tin)  complete  equilibrium  has  not  been  obtained  in  either 
of  the  lower  temperature  annealings,  Fig.  21,  Plate  IX.  (310° 
C),  showing  a  certain  amount  of  r]\  and  Fig.  22,  Plate  IX. 
(210°  C),  a  trace  of  eutectic.  While  it  would  be  unwise  to 
dogmatize  on  this  point,  the  greater  reluctance  to  attain  equi- 
librium which  is  found  in  alloy  4a  than  in  its  neighbours, 
suggests  that  at  these  temperatures  it  lies  nearer  to  the  trans- 
formation line  than  any  of  the  other  alloys. 

A  somewhat  curious  feature  is  the  arrangement  of  the  n  in 
long  thin  "  bundles  "  of  rods.  While  this  arrangement  is 
quite  absent  from  specimens  annealed  at  390°  C,  traces  of 
it  may  be  seen  in  the  case  of  310°  C.  annealings  (see  Fig,  16, 
Plate  VII.),  and  it  becomes  very  marked  in  those  specimens 
which  have  been  kept  for  long  periods  at  210°  C.  This 
peculiar  formation  seems  to  deserve  further  attention. 

It  will  be  noticed  that  in  all  specimens  containing  any 
quantity  of  eutectic,  the  e  is  absolutely  uncoloured  by  the 
etching  reagent  used  (ferric  chloride  in  hydrochloric  acid), 
while  in  the  absence  of  the  eutectic  it  etches  dark,  leaving 
the  n  as  pale  blue  crystals.  This  forms  a  very  sensitive  test 
for  the  presence  of  eutectic.  (It  should  be  noticed  that  there 
is  only  0*5  per  cent,  tin  difference  in  the  composition  of  the 
alloys  shown  in  Figs.  13  and  15  (Plate  VII.),  and  0-8  per  cent, 
tin  in  Figs.  15  and  19  (Plates  VII.  and  VIII.) 

In  order  to  ascertain  whether  the  temperature  at  which 
the  change  ,  r,  ^ 

takes  place  was  400°  C.  or  500°  C.  as  suggested  by  Hoyt, 
samples  of  alloys  B,  4a,  and  1 7,  which  had  been  brought  into 
equilibrium  at  390°  C,  were  annealed  at  415°  C.  for  \  hour 
and  then  quenched.  Figs.  18  (Plate  VIII.),  23  (Plate  IX.),  and 
27  (Plate  X.),  show  that  considerable  quantities  of  >/+  eutectic 
have  already  formed,  and  a  further  annealing  for  2  hours 
increased  this  quantity  to  a  marked  extent.      We  can,  then. 
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say  that  the  transformation  takes  place  somewhere  between 
390°  C.  and  415°  C.  The  point  is  discussed  further  under 
the  heading  of  Heating  Curves. 

Heating  Curves. 

As  has  been  shown,  both  by  Heycock  and  Neville  and  in 
the  present  paper,  the  reaction 

t]  +  Sn->e 

requires  a  very  considerable  time  for  completion.  The  very 
first  stages  take  place  with  extreme  rapidity.  In  Fig.  27 
(Plate  X.),  for  example,  a  white  fringe  of  e  can  be  seen  mar- 
gining the  rods  of  blue  »?,*  but  this  very  fringe  prevents  any 
further  action  taking  place  with  anything  but  extreme  slow- 
ness. On  the  other  hand,  it  has  been  shown  that  the  reverse 
change  ,  a„ 

takes  place  far  more  rapidly.  It  was  thought  probable, 
therefore,  that  the  arrest  point  in  a  heating  curve  of  e 
should  be  much  more  marked  than  that  in  a  cooling  curve 
of  »/+Sn,  and  that  the  former  curve  would  be  far  more  reli- 
able for  ascertaining  the  temperature  at  which  the  transfor- 
mation takes  place  than  would  be  the  latter. 

Furthermore,  it  is  well  known  that  cooling  curves  are  very 
liable  to  under-cooling  effects,  while  heating  curves  are  free 
from  this  trouble,  and  are  only  affected  by  lag  in  the  thermo- 
couple. 

Samples  taken  from  the  top  of  the  wedge  of  alloys  Ba,  I, 
B,  4a,  and  17,  were  annealed  for  120  hours  at  310°  C,  and 
then  for  80  hours  at  180°  C.  A  microscopic  examination 
showed  that  these  samples  approached  closely  to  the  equili- 
brium conditions  existing  at  the  lower  temperature.  Heating 
and  cooling  curves  were  taken  of  each  sample,  and  the 
results  are  shown  in  Fig.  28  and  Table  III.  It  will  be 
noticed  that,  contrary  to  what  was  expected,  the  heat  evo- 
lution due  to  the  formation  of  e  is  nearly,  though  generally 
not  quite,  as  large  as  that   due  to  its   decomposition.     The 

*  This  white  fringe  is  hardly  visible  in  the  reproduction,  but  it  is  easily  seen  on  the 
original  photograph. 
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second  supposition,  that  the  results  obtained  on  the  heating 
curve  would  be  more  reliable  than  those  obtained  on  cooling, 
is  confirmed  by  the  fact  that  the  temperatures  given  by  the 


500'C- 


Fig.  28. 

Table  III. 


Heatinrj  Curves. 

Arrest  Point. 

Alloy. 

Ba 

I 

B 

4a 

17 

Deg.  C. 

Deg.  C. 

Deg.  C. 

Deg.  C. 

Deg.  C. 

7?  +  Sn  =  e      . 

415 

411 

415 

418 

428 

Eutectic 

221 

Sub-eutectic 

200 

203 

205 

198 

100 

119 

146 

173 

68 

76 

91 

88 

Cooling  Curve 

s. 

77  +  Sn  =  e     . 

399 

411 

411 

385 

401 

Eutectic 

215 

234 

230 

223 

213 

Sub-eutectic 

100 

122 

150 

60 

76 

76 

86 

former  lie  much  closer  together  than  those  given  by  the 
latter  method.  In  determining  the  temperature  of  the 
transformation,  therefore,  the  heating  curves  alone  are  taken, 
and  from  these  it  will  be  seen  that  the  reaction  changes  its 
direction  at  415°  C.     Although  this  temperature  is   15°  C. 
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higher  than  that  given  by  the  former  workers,  it  is  con- 
firmed by  the  fact  that  annealing  for  2\  hours  at  415°  C, 
was  by  no  means  sufficient  to  complete  the  reaction,  though 
according  to  Heycock  and  Neville  "  a  few  minutes  to  a  little 
above  400°  C."  were  sufficient,  i.e.  at  415°  C.  the  alloys  can 
have  been  only  just  above  the  transformation  temperature. 

Another  interesting  observation  arises  from  these  curves. 
It  will  be  noticed  that,  while  in  the  curve  of  alloy  17  the 
eutectic  temperature  is  higher  on  the  heating  curve  than  on 
the  cooling  curve  (a  state  of  affairs  to  be  expected  from  the 
combined  effects  of  lag  and  under-cooling),  in  all  the  other 
alloys  there  is  an  arrest  point  on  the  heating  curves  at  a 
considerably  lower  temperature  than  the  eutectic  on  the 
cooling  curves.  (This  arrest  is  referred  to  in  Table  III.  as  the 
sub-eutectic.)  Let  us  consider  for  a  moment  the  condition 
of  alloys  Ba,  I,  and  B  as  they  pass  through  these  points : — 
As  the  alloys  are  being  heated  they  are  in  equilibrium  and 
consist  of  n^€,  that  is,  there  is  no  eutectic  present.  Now, 
before  they  reach  the  eutectic  temperature  there  is  an 
evolution  of  heat.  Obviously,  therefore,  some  other  trans- 
formation takes  place.  On  cooling  the  alloy  which  has  been 
heated  above  415°  C.  and  is  therefore  not  in  equilibrium, 
we  have  >7+e+ eutectic  present,  and  the  eutectic  makes  its 
presence  felt  by  a  large  heat  evolution.  The  lower  trans- 
formation does  not  show  itself  on  the  cooling  curves,  either 
because  the  reaction  is  a  very  slow  one  or  for  some  other 
reason.  The  whole  subject,  however,  lies  somewhat  outside 
the  scope  of  the  present  paper,  coming  rather  under  heading  5 
on  page  225.  What  is  important,  however,  is  to  notice  that 
alloy  4a  behaves  like  the  three  alloys  just  discussed,  or,  in 
other  words,  as  an  alloy  containing  no  eutectic,  i.e.  at  200°  C, 
the  e  line  lies  either  at,  or  to  the  right  of,  5  9  8  per  cent,  tin 
This  is  a  strong  confirmation  of  the  microscopic  evidence  on 
this  point. 

Two  further  arrests  at  low  temperature  are  shown  on  the 
curves,  but  it  is  not  proposed  to  discuss  them  here,  partly 
because  they  do  not  strictly  belong  to  the  matter  investigated 
in  this  paper,  but  principally  because  the  furnace  in  which 
the  heating  and  cooling  curves  were  taken  was  quite  unsuit- 
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able  for  such  low-temperature  work.  Below  about  200°  C. 
the  readings  became  very  irregular.  Indeed  it  should  be 
borne  in  mind  that  the  curves  were  originally  taken  solely 
for  the  purpose  of  locating  the  temperature  of  the  e  trans- 
formation. 

The  curve  of  alloy  I  was  taken  from  a  very  small  specimen, 
hence  the  small  size  of  the  arrest  points,  and  for  this  reason 
the  curve  was  not  carried  below  150°  C.  All  the  curves  were 
plotted  directly  by  the  Rosenhain  plotting  chronograph,  and 
Fig.  28  is  reproduced  from  a  tracing  made  from  the  smoothed 
curve  drawn  through  these  points.  The  points  are  separated 
by  an  interval  of  4°  C. 

Conclusions. 

From  the  results  obtained  from  the  micrographic  examina- 
tion of  the  annealed  specimens  and  from  the  heating  curves, 
the  diagram  shown  in  Fig.  29  is  constructed.  It  remains  to 
discuss  the  difference  between  this  diagram  and  those  of  the 
former  investigators. 


Heating  Curve  Points,     g 

Cooling  Curve  Poi/vn x 

flNNEflLiNc  Points «■ 


Fig.  29. 

Neither  Shepherd  and  Blough  nor  Hoyt  have  published 
any  photomicrographs,  therefore  it  is  impossible  to  weigh  the 
evidence  for  their  diagrams.  A  glance  at  the  micrographs  in 
Giolitti  and  Tavanti's  paper  shows  that  the  alloys  are  very 
far  removed  from  equilibrium.     Indeed  it  would  appear  that 
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they  made  no  effort  at  all  to  anneal  their  specimens,  but 
merely  relied  on  cooling  slowly  (from  800°  C.  to  200°  C. 
in  about  160  minutes),*  which,  of  course,  is  quite  inadequate 
for  these  alloys.  Furthermore  they  state  "j"  that  all  speci- 
mens between  43  per  cent,  tin  and  91  per  cent,  tin  consist 
of  three  constituents  in  addition  to  the  eutectic,  a  state  of 
affairs  which  is  absolutely  impossible  in  binary  alloys  even 
approaching  equilibrium. 

There  remains  therefore  Heycock  and  Neville's  diagram. 
The  principal  points  of  difference  between  their  diagram  and 
the  author's  are : — 

1.  They   give   the    composition    of   the  first    formed   e   as 

6 1*1  per  cent,  tin,  whereas  the  present  diagram  puts 
it  at  59  per  cent.  tin. 

2.  They  show  the  line  H'H"  as  meeting  the  eutectic  line 

at  65  per  cent,  tin,  whereas  the  present  diagram  places 
the  point  H"  at  a  composition  of  60  per  cent.  tin. 

3.  The  temperature  at  which  e  forms  is  given  by  them  as 

400°  C.  and  in  the  present  diagram  as  415°  C. 

Considering  first  the  position  of  the  point  H',  Heycock 
and  Neville  fixed  on  this  by  two  methods,  (1)  by  isolating 
the  e  body  of  chemical  means  and  analyzing  it.  This  is  a 
notoriously  difficult  and  unreliable  method,  though  due  weight 
must  be  given  to  evidence  obtained  in  this  way  when  it 
agrees  with  that  obtained  otherwise,  as  it  does  in  this  case. 
The  values  obtained  varied  from  60 '4  per  cent,  tin  to  61 '4 
per  cent,  tin,  the  mean  being  6 11  per  cent.  tin.  (2)  By 
microscopical  examination  of  annealed  specimens.  They  say  J 
"  We  have  succeeded  in  transforming  all  the  alloys  from  Sn  45 
(6 0*4  per  cent,  tin)  to  Sn  87  (92  per  cent,  tin)  into  complexes 
of  H  "  {i.e.  e)  "  and  tin  free  from  >?,  and  although  it  will  not 
be  quite  so  evident  from  the  photographs,  we  think  we 
have  eliminated  all  the  eutectic  from  the  alloys  between  tin  2  5 
(38  per  cent,  tin)  and  Sn  45  (60*4  per  cent,  tin)." 

The  whole  evidence  rests  on  one  photogi'aph,  that  of  Sn  45, 
as  all  the  other  photographs  are  of  alloys  lying  in  regions 
where  the  two  diagrams  are  in  accord.  Heycock  and  Neville 
say  about  this  one   photograph : — "  All   the   n,  except   mere 

*  hoc.  cit.,  p.  212.  t  Loc.  cit.,  p.  231.  %  Loc.  cit.,  p.  64. 
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traces,  could  be  removed  from  Sn  45,  but  although  large  por- 
tions of  the  section  were  compact  H,  yet  there  were  large  gaps 
in  the  H.  These  gaps  appear  to  be  cavities  in  the  ingot,  and 
not  spaces  full  of  eutectic.  These  gaps  are  numerous  in  all 
the  alloys,  such  as  Sn  45  to  Sn  40  (55*4  per  cent,  tin)  when 
they  have  been  boiled  for  a  long  time  in  mercury.  We  think 
it  probable  that  they  are  due  to  a  contraction  accompanying 
the  reaction  in  which  the  H  is  formed  from  the  mixture  of  >? 
and  liquid." 

The  author's  contention  on  this  point  is  that  the  gaps  may 
quite  possibly  be  "  cavities  in  the  ingot,  and  not  spaces  full  of 
eutectic,"  but  that  if  so,  they  are  cavities  from  which  eutectic 
has  fallen  out  during  polishing,  or  from  which  it  has  receded 
during  quenching.  If  this  photograph  (No.  95  in  Heycock  and 
Neville's  paper)  be  compared  with  Fig.  30  (Plate  X.)  in  the  pre- 
sent paper,  the  great  similarity  between  the  two  will  be  obvious 
when  the  different  magnification  is  taken  into  account.  Fig.  3  0 
represents  an  alloy  of  very  similar  composition  to  Heycock 
and  Neville's  Sn  45,  i.e.  61  per  cent,  tin,  which  has  been 
annealed  for  seventy- four  hours  at  390®  C,  and  then  slowly 
cooled.  In  this  photograph  it  is  obvious  that  the  dark  spaces 
are  eutectic  areas  and  not  cavities.  Compare  also  Figs.  19 
(Plate  VIII.)  and  21  and  24  (Plate  IX.),  where  the  dark  spaces 
can  be  seen  to  be  cavities  in  some  places  and  eutectic  in  others, 
and  Fig.  20  (Plate  VIIL),  which  shows  one  of  these  dark  spaces 
under  a  hmh.  magnification. 

Furthermore,  the  author  has  always  found  that  the  action 
of  the  etching  reagent  on  the  e  constituent  is  a  very  delicate 
test  for  the  presence  of  eutectic.  Should  this  be  present  to 
any  appreciable  extent,  the  e  remains  perfectly  white.  When, 
however,  the  eutectic  reaches  very  small  proportions,  the  e  is 
really  attacked  with  quite  weak  Fe^Clg.  Judged  by  this  test, 
Heycock  and  Neville's  photograph,  No.  95,  contains  a  certain 
quantity  of  eutectic. 

In  view  of  these  facts  the  author  feels  justified  in  moving 
the  point  H'  from  61*1  per  cent,  to  59  per  cent. 

2.  The  Point  H". — As  to  this  point,  Heycock  and  Neville 
say:  "  There  is  very  little  justification  ...  for  the  slope  we  have 
given  to  the  branch  H'H''  of  the  solidus,  and  we  have  therefore 


Plate  YI 


t'iG.  5. — Chill  Ca^tiiu 


Fig.  10.— 557  per  cent.  Tin.     70  hours  at  3itO''C. 
T(light)  +  e  (dark).     (Alloy  Ba.  ) 


I'iG.  11.— fjo-T  per  cent.  Tin.    100  hours  at  310° C 
7?  (light  rods)  +e  (ground  mass).    (Alloy  Ba.) 

All  magnified  150  diameters,  and  reduced  by  one- 


Fig.  12.-55-7  per  cent.  Tin.    300  hours  at  210°  C. 
t;  +  e  (as  in  No.  11).     (Alloy  Ba.  ) 

third  in  reproduction.     Etched  with  Fe2Clg+  HCl. 


Plate  VII 


Fig.  13.— 585  per  cent.  Tin.     50  hours  at  390^  C. 
1]  (small  light  rods)  +e  (ground  mass).    (Alloy  I.) 


Fig.  14.— 58-5  per  cent.  Tin.    100  hours  at  310°  C. 


Fig.  15.— 590  per  cent.  Tin.      71  hours  at  390°  C.    Fig.  16.— 59'0  per  cent.  Tin.    100  hours  at  310°  C. 

Pure  or  almost  pure  e.     (Alloy  B. )  rj  (small  white  specks)  +  e.     (Alloy  B. ) 

A /I  magnified  150  diameters,  and  reduced  by  one-third  in  reproduction.     Etched  with  Fe2Cl8+  HCl. 


Plate  VIII 


Fig.  17.— 59-0  per  cent.  Tin.    300  hours  at  210"  C.    Fig.  18.— 59-0  per  cent.  Tin.     71  hours  at  390°  C. 
»7  +  e  (as  before).     (Alloy  B.)  +|  hour  at  410°  C.      ??  (half-tone) +e  (white) 

+  chilled  liquid  eutectic  (black).     (Alloy  B. ) 


Fig.  19  — ,5!1-8  per  cent.  Tin.    48  hours  at  3yO°C.      Fig.  20.— .59-8  per  cent.  Tin.     48  hours  at  390°  C. 
e    (white)  +  chilled    liquid    eutectic    (dark).  e  + chilled  liquid  eutectic  (as  No.  19).     (Alloy 

(Alloy  4a.)  4a.) 

All  magnified  150  diameters  {except  Fig.  20,  1200  diameters),  and  reduced  by  one-third  in  reproduction. 

Etched  with  Fe2Cl6+  HCl. 


Plate  IX 


Fig.  21.— 59-8  per  cent.  Tin.    100  lioiirs  at310° C.  Fig.  22.-59-8  per  cent.  Tin.     300  hours  at  210°  C 
e  (ground  mass)  +  cavities  from  which  eutectic         y,  (light  rods)  +e  (ground  mass).     (Allov  4a  ) 
has  fallen  out  (black) +77  (white  rods).    (Alloy  '        vs>  .      \        .        •/ 

4a.) 


Fig.  23.— 50'8  per  cent.  Tin.  3o  hours  at  3!IU"  C.  Fig.  24.— t)l-0  per  cent.  Tin.  74  hours  at  390"  C 
+  i  hour  at  415°  C.     t;  (half-tone) +e  (light)  e   (white)  +  chilled   liquid   eutectic    (<T,ev)  + 

+  chilled  liquid  eutectic  (black).     (Alloy  4a.)  cavities    from    which    latter    has    fallen'  out 

(black).     (Alloy  A.) 

A//  magnified  150  diameters,  and  reduced  hy  one-third  in  reproduction.     Etched  zvith  Fe„Cl,.+  HCl. 


Plate  X 


y  '. 


Fig.  25.— 61-0  per  cent.  Tin.    3i  )U  hours  at  210°  C.    Fig.  2G.— 650  per  cent.  Tin.     30  hours  at  370"  C. 
e  (h'ght) +eutectic  (dark).     (Alloy  A. ^  e    (white)  +chilled    liquid     eutectic     (dark). 

(Alloy  17.) 


Fig.  27.— G.-jUper  cent.   I  m.     21  hours  at  370' C.    Fig.  :}ii.—lil  0  per  cent.  Tin.    74  hours  at  39u C, 
+  ilinurat  415°C.     7/ (half-tone) +e  (light)  +  followed  by  slow  cooling,     e  (light) -(-eutectic 

chilled  liquid  eutectic  (black).     (Aloyl7.)  (dark).     (Alloy  A.) 

All  magnified  150  diameters,  a?id  reduced  by  one-third  in  reproduction.     Etched  with  Fe.^Clu^-  HCl. 
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drawn  it  as  a  dotted  line  to  indicate  the  uncertainty.  We 
think  a  further  examination  of  such  alloys  as  Sn  47,  after  a 
prolonged  heating  at  2  5  0°  C,  may  settle  the  position  of  H''.  At 
present  the  only  argument  for  placing  H"  at  Sn  50  is  to  be 
found  in  the  numerical  value  of  the  depression  of  the  freezing 
point  of  tin  by  small  additions  of  copper,  that  is,  from  the 
slope  of  the  branch  I  K  of  the  liquidus.  This  appears  to 
prove  that,  whatever  the  molecule  in  solution  in  the  liquid 
tin,  it  can  contain  only  one  atom  of  copper." 

This  being  the  case,  it  is  hardly  surprising  to  find  that  the 
line  needs  altering.  Indeed,  the  surprising  thing  is  that 
Heycock  and  Neville  placed  it  so  near  to  the  true  position. 
The  reasons  for  the  present  position  of  the  line  are : — 

A.  Microscopic  evidence  shows  that  at  390°  C.  59  per  cent, 
tin  is  pure  or  almost  pure  e. 

B.  The  same  evidence  shows  that  at  315°  C.  59  per  cent, 
tin  consists  of  '/+e,  and  59*8  per  cent,  tin  of  e  +  eutectic: 
that  is,  pure  e  must  lie  between  these  two  values. 

B^.  As  a  confirmation  of  this,  58'5  per  cent,  tin  contains 
very  much  more  rj  at  315°  C.  than  at  390°  C. 

C.  In  the  same  way  it  is  shown  that  at  210°  C.  5  9  "8  per 
cent,  tin  consists  of  j?+e,  so  that  pure  e  contains  more  than 
59*8  per  cent,  tin,  and  less  than  61*0  per  cent,  tin  at 
210°  C. 

Cy  Confirming  this  is  the  fact  that  pyrometric    evidence 

shows  that  59*8  per  cent,  tin  contains  no  eutectic  at 

225°  C. 
Cg.  Further  confirmation  is  obtained  from  the  observation 

that  59*0  per  cent,  tin  contains  more  rj  at  210°  C. 

than  it  does  at  315°  C. 

This  evidence  would  appear  to  justify  the  position  given  in 
Fig.  30  to  the  line  H'H''. 

3.  The  Temjjerature  of  Formation  of  e. — As  has  been  already 
pointed  out  by  Shepherd  and  Blough,  the  fact  of  surfusion 
renders  unreliable  the  position  of  lines  obtained  by  cooling 
curves.  It  will  be  observed  that  the  mean  temperature 
obtained,  in  the  present  research,  by  means  of  cooling  curves, 
for  the  e  reaction  is  401°  C,  while  the  heating  curves  give  it 

Q 
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as  415°  C.     As  Heycock  and  Neville  used  cooling  curves  to 
obtain  their  line,  it  may  be  expected  to  be  somewhat  low. 

Following  Heycock  and  Neville,  the  line  of  pure  e  is  drawn 
vertically  below  the  eutectic  line.  There  is  no  experimental 
evidence  in  support  of  this,  and  the  point  needs  further 
investigation. 

In  conclusion  the  author  wishes  to  express  his  thanks  to  all 
who  have  aided  him  in  this  research.  In  particular  he  would 
mention  Dr.  Glazebrook,  the  Director  of  the  National  Physical 
Laboratory.  To  express  to  his  chief,  Dr.  Rosenhain,  the 
gratitude  he  feels  for  the  continued  interest  he  has  taken  in 
the  work,  and  for  the  many  valuable  suggestions  and  criticisms 
he  has  made,  is  a  duty  which  he  has  very  great  pleasure  in 
performing.  To  his  colleagues,  also,  in  the  Metallurgical 
Department,  he  renders  thanks  for  interest,  advice  and 
assistance. 
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DISCUSSION. 

Dr.  W.  RosEXHAiN,  F.E.S.  (Member  of  Council),  in  opening  the 
discussion,  congratulated  the  author  on  a  piece  of  work  which,  he 
thought,  was  very  perfect  in  its  way,  and  which  helped  to  clear  up 
some  of  the  points  which  had  admittedly  been  left  doubtful  by  Heycock 
and  Neville  in  their  classical  research  on  the  alloys  under  discussion. 
These  points  had  certainly  not  been  cleared  up  conclusively  by  Giolitti 
and  Tavanti,  while  we  had  no  means  of  knowing  what  Shepherd  and 
Blough  might  have  done  on  the  subject  on  account  of  the  curious  cryptic 
method  of  publication  which  American  authors  unfortunately  adopted. 
He  desired  to  say  particularly  that,  although  Mr.  Haughton  had  referred 
to  him  in  the  paper,  the  work  was  both  in  conception  and  execution 
entirely  Mr.  Haughton's,  and  it  had  been  largely  carried  out  by  him  at 
the  laboratory  under  conditions  of  very  special  difficulty,  arising  out  of 
the  war.  The  w^ork  had  been  done  in  a  way  which  showed  that  Mr. 
Haughton  had  the  instinct  for  research,  and  it  did  require  instinet, 
because  such  painstaking  detailed  working  out  of  gaps  in  our  knowledge 
of  alloys  which  one  rarely  heard  of,  really  did  require  a  great  deal  of 
enthusiasm.  That  enthusiasm  Mr.  Haughton  possessed  in  a  high  degree, 
and  he  was  sure  all  the  members  appreciated  it.  It  was  to  be  hoped  Mr. 
Haughton  would  go  on  with  the  work,  and  would  not  be  swallowed  up 
entirely  at  too  early  a  date  by  some  industrial  occupation,  but  would 
clear  up  other  doubtful  points  which  still  remained  in  the  system  of 
alloys  under  discussion. 

Dr.  C.  H.  Desch  (Glasgow)  thought  there  was  really  nothing  to  say 
on  the  paper  except  that  Mr.  Haughton  had  tackled  that  part  of  the 
diagram  in  such  a  way  as  to  lead  one  to  hope  that  he  would  be  able 
to  complete  the  rest,  and  also  to  call  attention  to  the  remarkable 
quality  of  Heycock  and  Neville's  pioneer  work  on  this  system.  That 
piece  of  work  has  been  carried  out  by  microscopical  methods  only,  except 
for  the  determination  of  the  liquidus,  which,  of  course,  had  been  done 
with  the  utmost  accuracy  in  Heycock  and  Neville's  freezing  point  w^ork. 
Apart  from  that,  thermal  methods  were  not  used,  but  only  quenching 
methods,  and  their  diagram  came  remarkably  near  the  truth  considering 
the  complexity  of  the  system  attacked.  If  the  later  diagrams  were  com- 
pared, it  seemed  that  very  little  improvement  had  been  made ;  in  fact,  it 
was  not  altogether  clear  that  some  of  the  changes  which  had  been  made 
by  later  workers  were  in  the  right  direction,  and  on  the  whole  Heycock 
and  Neville's  diagram  probably  represented  the  facts  as  closely  as  the 
other  later  investigations,  which  were  less  accurately  performed.  It  was 
very  interesting  that  a  point  which  Heycock  and  Neville  admittedly  left 
unsettled  had  been  cleared  up  in  so  satisfactory  a  way  by  the  very  careful 
work  of  Mr.  Haughton. 

Professor  T.  Turner,  M.Sc.  (Vice-President),  said  that  he  w^as  very 
pleased  to  have  had  the  opportunity  of  hearing  Mr.  Haughton's  paper 
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read.  It  would  be  witliin  the  recollection  of  the  members  of  the  Institute, 
that  some  two  or  three  years  ago  Mr.  Haughton  had  contributed  a  paper 
dealing  with  certain  properties  of  the  alloys  of  copper  with  tin.  At  that 
time  it  was  indicated  that  there  Avas  a  discrepancy  in  the  published 
diagrams  of  those  alloys,  and  that  it  would  not  be  possible  to  explain 
certain  other  things  which  had  been  observed,  such  as  expansions,  either 
positively  or  negatively,  because  of  the  absence  of  definite  knowledge  in 
reference  to  particular  parts  of  the  diagram.  It  was  very  fortunate  that 
Mr.  Haughton  now  had  the  opportunity  of  once  again  directing  his  atten- 
tion to  those  alloys,  and  carrying  on  the  work  in  the  careful  and  scientific 
manner  which  the  members  saw  shoM'n  in  the  paper.  He  hoped  that 
Mr.  Haughton  might  be  able  to  finish  the  work,  and  finally  give  a 
complete  diagram,  the  whole  of  which  had  been  carefully  worked  out 
and  ascertained. 

Mr.  O.  F.  Hudson,  M.Sc.  (Birmingham),  said  that  he  was  sorry  in  a 
way  that  he  had  not  any  real  criticism  to  offer ;  all  the  members  seemed 
to  be  perfectly  agreed  that  the  work  had  been  carried  to  a  successful 
conclusion.  There  was  really  nothing  to  do  but  to  congratulate  Mr. 
Haughton  on  his  work,  and  to  express  the  hope  that  he  would  go  on 
with  it  and  finish  the  diagram.  He  was  sure  all  the  members  would 
anxiously  look  forward  to  the  other  parts  of  the  research  and  to  the 
complete  equilibrium  diagram  of  the  copper-tin  alloys. 

At  this  point  the  Chairman  extended  a  hearty  welcome  to  Professor 
Hubert,  of  Liege,  whom,  he  said,  some  of  the  members  would  remember 
having  met  at  the  Brussels  Meeting  of  the  Iron  and  Steel  Institute 
in  1913. 

The  Chairman  (Professor  H.  C.  H.  Carpenter,  M.A.,  Ph.D.,  Vice- 
President)  desired  to  add  his  expression  of  appreciation  to  those  of  the 
other  speakers,  to  Mr.  Haughton  for  his  paper.  He  had  been  particularly 
glad  that  Dr.  Desch  had  drawn  attention  to  the  fact  that  Heycock  and 
Neville's  work  on  the  copper-tin  equilibrium  was  of  really  remarkable 
accuracy,  considering  it  both  absolutely  and  from  the  point  of  view  of 
the  equipment  which  those  gentlemen  had  had  at  their  disposal.  He  might 
say  that  he  had  hoped  that  either  Mr.  Heycock  or  Mr.  Neville,  or  both, 
could  have  been  present  that  afternoon,  but  Mr.  Heycock— he  thought 
he  was  Colonel  Heycock  at  the  present  moment — had  been  prevented  by 
military  duties  from  being  present.  He  had  written  to  Colonel  Heycock 
telling  him  that  the  paper  was  coming  on  for  discussion,  and  that  the 
members  would  welcome  his  presence  and  any  remarks  he  might  like  to 
make,  and  he  also  informed  that  gentleman  that  he  thought  he  would 
find  the  paper  a  very  satisfactory  confirmation  of  his  and  Mr.  Neville's 
own  work.  With  reference  to  the  reaction  between  ■jj  and  tin  leading  to 
the  formation  of  e,  as  Mr.  Haughton  pointed  out,  a  truer  approximation  to 
equilibrium  was  to  be  expected  in  this  case  from  a  heating  than  a  cooling 
curve,  because  what  happened  in  the  former  case  was  the  breakdown  of 
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one  phase  into  two  phases — that  was  to  say,  the  attainment  of  equilibrium 
did  not  depend  upon  a  reaction  between  two  different  phases,  but  simply 
on  the  decomposition  of  one  phase.  It  was  quite  different  on  cooling, 
however,  because  in  that  case  two  phases  reacted  to  produce  a  single 
phase,  which  formed,  if  he  understood  it  rightly,  as  a  layer  between  the 
reacting  solid  and  liquid  phases ;  that  was  to  say,  for  the  reaction  to 
complete  itself,  it  had,  after  that  first  film  was  formed,  to  take  place  by 
diffusion  through  it.  This  required  considerable  time,  and  therefore  the 
reaction  remained  incomplete  with  ordinary  rates  of  cooling.  He  did 
not  agree  with  Mr.  Haughton  when  he  said,  "  Furthermore,  it  is  well 
known  that  cooling  curves  are  very  liable  to  under-cooling  effects,  while 
heating  curves  are  free  from  this  trouble."  His  experience  disagreed 
with  the  second  half  of  that  sentence.  He  had  more  than  once  observed 
superheating  on  taking  heating  curves,  i.e.  the  temperature  of  the  inver- 
sion was  passed,  and  there  the  specimen  cooled  to  the  true  temperature 
when  the  reaction  set  in,  Superheating  phenomena  were,  of  course,  not 
so  common  as  those  of  supercooling,  but  it  was  incorrect  to  say  that  they 
did  not  occur. 

Mr.  Haughton  had  used  the  term  "sub-eutectic."  That,  he  thought, 
was  a  new  term,  and  he  would  be  glad  to  know  exactly  what  he  meant 
by  it.  It  was,  he  believed,  a  fact  that  the  binary  alloys  of  tin  gave,  on 
the  whole,  the  most  complicated  equilibrium  diagrams  that  were  known, 
and  that  of  these  the  copper-tin  equilibrium  was  the  most  intricate. 
For  that  reason  he  thought  the  members  might  congratulate  the  author 
on  his  courage  at  taking  up  its  redetermination.  The  technique  of 
microscopic  metallography  had  been  improved  considerably  during  the 
last  ten  years,  and  various  other  equilibrium  diagrams  would  require  to 
be  revised.  He  hoped  Mr.  Haughton  would  continue  his  work  and 
communicate  his  results  to  the  Institute. 


Mr.  J.  L.  Haughton,  in  reply,  thanked  the  gentlemen  who  had  spoken 
for  the  very  kind  things  they  had  said  about  his  paper.  Dr.  Rosenhain 
had  said  that  he  had  taken  no  part  in  the  actual  working  of  it  out,  but 
those  who  knew  Dr.  Rosenhain  would  not  need  to  be  told  of  the  inspira- 
tion which  his  enthusiasm  gave  to  anyone  working  with  him.  There 
was  very  little  which  called  for  a  reply  in  the  discussion  with  the 
exception  of  what  Dr.  Carpenter  had  said.  He  (Mr.  Haughton)  had 
not  been  aware  that  one  ever  got  super-heating  effects  on  heating  curves. 
That  was  quite  new  to  him,  and  he  had  been  very  interested  to  hear  it. 
With  regard  to  the  term  "sub-eutectic,"  he  had  simply  used  it  for 
the  want  of  a  better,  to  distinguish  in  some  way  a  transformation  which 
occurred  below  the  eutectic  temperature  on  a  heating  curve  that  did 
not  show  the  eutectic.  He  did  not  suggest  it  was  by  any  means  an 
ideal  term ;  he  had  to  call  it  something,  and  as  it  occurred  below  the 
eutectic  he  had  called  it  sub-eutectic.  If  anyone  could  suggest  a  better 
term  he  would  be  very  pleased. 
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COMMUNICATIONS. 

Professor  S.  L.  Hoyt  (Minneapolis)  wrote  that  he  was  very  much 
interested  in  the  attempt  on  the  part  of  Mr.  Haughton  to  work  out  those 
parts  of  the  copper-tin  diagram  which  still  awaited  a  satisfactory 
explanation.  He  felt  sure  that  that  series  of  papers  would  go  far 
toward  contributing  to  the  belief  that  many,  if  not  most,  of  the  con- 
stitution diagrams  would  prove  to  be  very  much  more  complex  than  they 
were  at  present,  after  more  detailed  work  had  been  done  upon  them. 

He  (Professor  Hoyt)  wished  to  point  out  that  he  had  no  claims  to  a 
copper-tin  constitution  diagram,  as  has  been  assigned  to  him  on  page  224 
of  the  present  paper.  He  had,  it  was  true,  drawn  attention  to  a  new 
heat  effect  in  these  alloys  in  the  a-  ft  range  at  590°  C.  He  had  further 
noted  that,  according  to  his  determinations,  the  eutectoid  inversion 
occurred  very  close  to  525°  C.  rather  than  at  a  lower  temperature,  as 
given  by  other  experimenters.  Those  were  the  only  points,  in  connec- 
tion with  the  copper-tin  alloys,  to  which  he  could  lay  special  claim. 

He  was  at  that  time  unable  to  offer  a  rational  explanation  for  the  heat 
effect  at  590°  C.  He  had  added  that  diagram,  perhaps  unnecessarily,  to 
bring  out,  more  clearly,  the  heat  effect  at  590°  C.  He  wished  to  say 
that,  for  the  sake  of  avoiding  misunderstandings,  he  now  believed  no 
diagram  should  be  advanced,  for  the  support  of  which  the  experimental 
evidence  was  insufficient. 

Referring  to  Part  II.  of  the  present  paper,  he  would  have  liked  to  have 
seen  an  attempt  made  to  correlate  the  results  of  the  present  research  with 
the  conclusions  arrived  at  by  Guertler  in  his  discussion  of  the  copper- 
tin  alloys  in  his  "  Metallographie,"  vol.  i.  No.  I.  p.  660,  and  especially 
that  given  on  pp.  686-690.  Among  other  things,  it  might  serve  to 
explain  the  "  sub-eutectic,''  or  the  heat  effect  which  occurred  at  a  lower 
temperature  on  heating  than  on  cooling. 

He  (Professor  Hoyt)  had  noticed  other  things  of  interest,  in  this 
connection,  in  reading  the  present  paper.  On  purely  theoretical  grounds, 
it  would  be  necessary  to  add  another  line  to  the  diagram,  as  given  in 
Fig.  29,  on  page  238,  running  from  H'  to  the  end  point  of  the  horizontal 
at  200°  C.  (the  sub-eutectic  according  to  the  present  author,  or  the  trans- 
formation of  constituent  IX  into  constituent  X,  according  to  Guertler), 
bounding  the  field  of  pure  e,  as  given  by  the  present  author  in  the  dis- 
cussion of  the  microstructure.  He  would  be  very  much  interested  in 
reading  subsequent  parts  of  this  very  comprehensive  research  which  had 
been  so  ably  commenced  by  Mr.  Haughton. 

Mr.  F.  Johnson,  M.Sc.  (Birmingham),  wrote  to  express  his  appreciation 
of  Mr.  Haughton's  paper,  and  to  express  also  the  hope  that  the  author 
would  direct  his  attention  and  powers  of  investigation  to  that  complicated 
region  of  the  constitutional  diagram  nearer  the  copper  end  of  the  series. 
He  felt  sure  that  the  diagram  for  alloys  between  10  and  30  per  cent,  tin 
above  500°  C.  was  capable  of  some  simplification. 
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Mr.  F.  H.  Neville,  M.A.,  F.R.S.  (Letch^vorth),  wrote  that  he  was 
unfortunately  prevented  from  adding  much  to  the  discussion,  as  some  six 
years  ago  all  his  and  Colonel  Heycock's  notes,  photographs,  and  specimens 
of  alloys,  including  a  considerable  amount  of  unpublished  matter  on  the 
properties  of  the  co^jper-tin  series,  were  destroyed  by  fire.  But  for 
that  disaster  they  might  have  tried  to  clear  up  some  of  the  doubtful 
points.  With  regard  to  the  thermal  treatment  of  the  alloys  discussed  by 
Mr.  Haughton  on  pp.  227-229,  he  (Mr.  Xeville)  was  inclined  to  think  that 
on  a  first  study  of  a  group  of  alloys  the  Heycock  and  Xeville  method  of 
slowly  cooling  ingots  from  the  liquid  state  to  a  particular  temperature, 
perhaps  with  a  pause  at  that  temperature,  and  then  chilling,  had  some 
advantages.  It  gave  large  detail,  the  various  substances  were  easily 
recognized,  and  the  fact  that  sometimes  a  reaction  was  incomplete  might 
very  well  make  it  more,  not  less,  intelligible.  But  when  it  came  to  a 
revision,  a  final  study  to  fix  points  of  change,  &c.,  Mr.  Haughton's 
method  of  preparing  the  alloy  by  a  rapid  cast  was  no  doubt  the 
best. 

It  was  very  probable  that  Mr.  Haughton  was  right  in  his  view  that 
the  e  contained  rather  less  tin  than  they  had  thought. 

Mr.  Haughton  wrote  that  he  wished  first  of  all  to  avail  himself  of  the 
opportunity  of  correcting  an  omission  of  which  he  regretted  being  guilty 
in  replying  to  the  discussion  at  the  meeting,  and  that  was  of  not  associat- 
ing himself  most  heartily  with  the  remarks  made  by  Drs.  Desch  and 
Carpenter  on  the  remarkable  accuracy  of  the  work  of  Messrs.  Heycock 
and  Xeville.  While  he  realized  that  any  attempt  on  his  part  to  praise 
these  workers  would  be  a  mere  impertinence,  yet  he  felt  obliged  to  say 
that,  not  only  when  he  was  engaged  on  this  particular  work,  but  also  on 
many  other  occasions,  he  had  read  and  re-read  the  1902  Bakerian  Lecture 
wdth  intense  interest  and  admiration. 

He  w^ould  also  like  to  thank  Professor  Turner  for  his  kind  remarks, 
and  in  this  connection  he  might  mention  that  it  was  to  him  (Professor 
Turner)  that  he  first  owed  his  interest  in  copper-tin  alloys,  and  that  it 
was  due  to  a  suggestion  of  his  that  he  first  started  on  this  work. 

Professor  Hoyt's  communication  was  of  great  interest,  but  he  (Mr. 
Haughton)  felt  that  the  accumulation  of  some  more  data — particularly 
with  reference  to  the  "  sub-eutectic  "  line — was  advisable  before  attempt- 
ing to  correlate  the  results  with  Guertler's  conclusions.  He  might  say 
that  the  accumulation  of  these  data  was  well  under  weigh. 

With  reference  to  the  addition  of  another  line  from  the  point  H'  to 
the  end  of  the  200°  C.  horizontal  line,  he  could  not  say  that  his  results 
showed  any  e^^dence  for  or  against  such  a  line.  The  maximum  horizontal 
distance  between  the  hypothetical  line  and  the  line  H'H"  would  be  about 
0*2  per  cent.,  and  to  establish  its  existence  would  be  a  task  surpassed  in 
difficulty  only  by  the  attempt  to  disprove  it.  The  advisability  or  other- 
wise of  inserting  a  line  on  "  purely  theoretical  grounds  "  was  a  matter 
which  admitted  of  much  discussion.  He  thoroughly  agreed  with  the 
remark  that  "many,  if  not  most,   of  the  constitution  diagrams  would 
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prove  to  be  very  much  more  complex  than  they  are  at  present,  after  more 
detailed  work  had  been  done  upon  them." 

This  brought  him  to  Mr.  Johnson's  remarks.  He  hoped  before  long 
to  attack  the  part  of  the  diagram  between  10  per  cent,  and  30  per  cent, 
tin,  but  he  regretted  that  he  was  unable  to  share  Mr.  Johnson's  optimism 
as  to  the  simplification  of  the  diagram.  This  was,  of  course,  a  mere 
matter  of  opinion,  and  he  hoped  that  ^Mr.  Johnson's  opinion  would  prove 
to  be  the  correct  one.  In  the  meantime  he  thanked  him  for  his  kind 
appreciation. 

With  regard  to  Mr.  Neville's  communication,  he  quite  agreed  that  for 
a  first  study  of  a  series  of  alloys,  the  Heycock  and  Neville  method  of 
thermal  treatment  was  the  correct  one,  but  for  a  detailed  study  the 
method  described  in  this  paper  was,  he  considered,  quicker,  easier,  and 
more  accurate.  He  would  like  once  again  to  express  his  indebtedness 
to  that  particular  "first  study"  in  which  Heycock  and  Neville's  method 
was  given. 
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SOME   EXPERIMENTS    UPON    COPPER- 
ALUMINIUM   ALLOYS* 

By  J.  H.  ANDREW,  AI.Sc.  (Manchester). 

The  two  most  important  papers  dealing  with  the  equilibrium 
diagram  of  the  copper-aluminium  alloys  are  those  by  Car- 
penter and  Edwards  t  and  Curry  J  respectively. 

A  glance  at  the  two  diagrams  by  these  authors  is  sufficient 
to  show  that  they  diflfer  in  many  important  details,  and  from 
a  practical  point  of  view  perhaps  the  most  interesting  of  these 
differences  is  to  be  found  in  alloys  containing  between  80  per 
cent,  and  100  per  cent,  of  copper. 

Curry  finds  that  the  /3  solid  solution  breaks  down  at  a 
temperature  of  about  5  70°  into  two  other  homogeneous  solid 
solutions,  a  and  y,  whereas  Carpenter  and  Edwards'  diagram 
gives  the  /3  constituent  as  existing  down  to  normal  tempera- 
tures, without  suffering  any  decomposition. 

Curry  completely  ignores  the  line  de  (see  Fig.  1)  found  by 
Carpenter  and  Edwards  from  their  cooling  curves  to  exist. 

Another  point  found  by  Carpenter  and  Edwards  but  com- 
pletely ignored  by  them  is  a  small  evolution  of  heat  which 
occurs  during  cooling  at  a  temperature  of  290°  C.  in  alloys 
containing  between  9  and  16  per  cent,  of  aluminium.  This 
point  was  not  only  found  to  occur  during  cooling,  but  also 
upon  heating ;  upon  heating,  however,  the  shape  of  the  curves 
seems  to  indicate  that  it  occurs  as  an  evolution  of  heat,  and 
not  as  an  absorption;  on  heating  the  point  is  evident  about 
400°  C. 

It  was  with  the  idea  of  deciding  whether  the  line  dc  of 
Carpenter  and  Edwards  has  any  place  in  the  diagram,  and  also 
whether  or  not  the  low  temperature  change  in  alloys  con- 
taining between  9  and  16  per  cent,  of  aluminium  was  real 
or  not  that  the  following  experiments  were  made. 

*  Taken  as  read  at  Annual  General  Meeting,  London,  March  19,  1915. 
t  Carpenter  and  Edwards,  Eighth  Report  to  the  Alloys  Research  Committee,  Institution 
of  Mechanical  Engineers,  p.  179,  1907. 

+  Curry,  Journal  of  Physical  Chemistry ,  June  1907. 
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Obviously  the  only  method  of  attacking  the  problem  was 
to  take  a  series  of  cooling  curves  of  all  alloys  containing 
between  10  and  20  per  cent,  of  aluminium.  Accordingly 
a  series  of  alloys  was  made,  and  small  specimens  -|  inch 
diameter  and  ^  inch  long  were  cast,  and  differential  and 
direct  curves  taken  in  the  usual  manner. 
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Fig.  1. — Diagram  suggested  by  the  Author. 


In  the  high  aluminium  alloys  these  were  supplemented  by 
freezing  curves. 

In  cases  where  the  alloys  were  too  hard  to  be  drilled,  small 
chill  castings  of  \  inch  section  were  made ;  the  metal  being 
poured  round  a  small  fireclay  capillary  tube  which  was 
inserted  in  the  centre  of  the  chill;  the  drilling  out  of  this 
tube  providing  the  hole  necessary  for  the  reception  of  the 
thermo-couple. 
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In  case  of  the  18  and  19  per  cent,  alloy  it  was  found 
almost  impossible  to  bore  the  fireclay  tube  out  without 
breaking  up  the  specimen,  so  that  in  these  two  cases  the 
specimens  used  for  taking  the  freezing  curves  were  employed 
and  direct  time-temperature  curves  taken.  The  whole  series 
of  curves  plotted  in  the  inverse  rate  method  are  given  in 
Figs.  4-7,  and  the  various  points  obtained  from  these  curves 
plotted  in  the  form  of  a  diagram  in  Fig  1. 

Several  interesting  facts  are  brought  out  by  these  curves. 
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Fig.  2. 

.  After  being  heated  for  1  hour  at  various  temperatures. 

Alloy  No.  13  :  Copper,  9006  per  cent.  ;  Aluminium,  9'90  percent. 

Reproduced fro7n  Carpetiter  and  Ediuards'  Paper,  Eighth  Alloys  Research  Report,  p.  179. 

In  the  first  case  temperature  arrests  corresponding  to  the 
line  de  of  Carpenter  and  Edwards  are  clearly  visible,  but 
it  will  be  seen  that  this  line  does  not  terminate  at  the  line 
separating  the  /3+7  field  from  the  y  field,  but  upon  meeting 
this  line,  proceeds  in  the  form  of  a  horizontal  branch  to  the 
line  separating  the  /3  from  the  ^-\-y  field. 

Now,  the  only  construction  that  can  be  put  on  this  change 
is  that  it  represents  a  decomposition  of  either  the  ^  or  the  y 
constituent.  Since,  however,  the  evolution  of  heat  is  greater 
as  we  approach  the  y  side  of  the  field,  and  since  it  ceases  in 
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the  pure  /3  areas,  it  must  obviously  be  a  change  in  the  y 
constituent  as  Carpenter  and  Edwards  considered. 

Quenching  experiments  were  carried  out  with  the  idea  of 
showing  the  difference  in  microstructure  due  to  this  change ; 
specimens  were  quenched  from  above  the  change  point  and 
from  below  it. 

Although  considerable  difficulty  was  experienced  in  the 
polishing  of  such  specimens,  owing  to  the  alloy  breaking  up 
into  small  pieces  on  quenching,  eventually  specimens  suitably 
treated  were  obtained,  polished,  etched,  and  examined. 

Although  almost  every  possible  etching  medium  was  used  no 
difference  in  microstructure  was  noticed,  and  a  large  number 
of  samples  of  different  composition  were  experimented  with. 

From  these  experiments,  therefore,  it  is  concluded  that  the 
critical  point  is  due  to  the  change  of  one  colourless  constituent 
into  another,  and  for  that  reason  is  not  discernible  by  means 
of  the  microscope. 

The  line  de,  may,  therefore,  be  considered  as  occupying  a 
true  position  in  the  equilibrium  diagram,  a  line  separating  the 
7  phase  from  the  (5  phase,  whereas  the  horizontal  line  dc 
separates  the  ^-\-y  from  the  ^-\-^  phases;  h  being  the  same 
as  Carpenter  and  Edwards'  y    constituent. 

That  there  is  no  change  in  the  /3  constituent  is  evident 
from  the  microstructure,  the  /3  constituent  showing  no  varia- 
tion, excepting  in  quantity,  as  the  temperature  of  inversion  is 
passed. 

The  author  assumes  that  the  various  phases  in  this  region 
of  the  diagram  are  grouped  as  in  Fig.  1 ,  the  alteration  necessary 
to  Curry's  diagram  (shown  in  Fig.  3)  being  (1)  The  insertion 
of  the  line  de,  separating  the  y  from  the  ^  phase.  (2)  The 
insertion  of  the  line  cd  separating  the  y-\-^  from  the  ^  +  jS 
phases.  (3)  The  extension  of  the  line  fe  separating  the 
y  plus  liquid  phases  from  the  h  phase  to  the  point  e  at  17'5 
per  cent,  aluminium.  (4)  The  removal  of  the  line  lii  sepa- 
rating the  now  h  phase  (Curry's  y)  from  the  h  -\-  e  phase  to 
19  per  cent,  aluminium.  This  is  necessitated  by  observation 
of  the  point  at  573°  C.  in  the  cooling  curve  for  the  19  per 
cent,  alloy. 

With  regard  to  the  other  points,  Curry's  figures  have  been 
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taken  as  being  correct,  and  accordingly  no  alteration  has  been 
made  excepting  with  regard  to  the  eutectoid  point,  which  has 
been  taken  as  occurring  at  515°  C,  the  mean  value  for  the 
points  obtained  in  the  several  alloys. 

An  interestmg  point  with  respect  to  the  curves  is  this 
variation  of  the  eutectoid  temperature,  and  the  position  of 
the  eutectoid  point. 
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Fig.  3. — Curry's  Diagram. 
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It  will  be  seen  that  up  to  11  5  per  cent,  aluminium,  the 
eutectoid  point  is  practically  constant  between  530°  and 
515°  C,  but  that  in  the  ll'o  per  cent,  alloy,  and  in  those 
containing  more  than  11*5  per  cent,  of  aluminium,  there 
is  evidence  of  a  lower  point  at  480°  C.  ;  this  point  reaches  a 
maximum  in  size,  and  decreases  gradually  up  to  13'5  per 
cent.,  where  it  is  practically  absent.  At  12*5  per  cent., 
however,  the  entire  eutectoid  evolution  appears  to  occur  at 
that   temperature.      In  all   alloys   containing    more   than    13 
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per  cent,  of  alummium  just  one  point  is  observed  at  about 
506°  C.  This  peculiarity  was  evidently  noticed  by  Carpenter 
and  Edwards,  who  mark  the  various  points  in  their  diagram. 
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It  seems  highly  probable  that  the  low  point  at  480°  C, 
shown  in  these  cases,  is  entirely  due  to  super-cooling,  and 
is  due  to  a  retardation  of  the  breaking  down  of  the  /3  con- 
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stituent  into  a  +  ^.  The  question  that  arises  from  this  is :  Does 
the  ^  constituent  first  break  down  with  the  formation  of  a  +  ^, 
or  are  a  +  7  the  first  products,  the  y  then  changing  into  ^  ? 


^.  ?ffnivd3dy9i 


The  fact  of  there  being  a  second  evolution  of  heat  in  all 
alloys  on  the  7  side  of  the  eutectoid  up  to  13  per  cent, 
aluminium,  and  that  this  second   evolution  is   absent  above 
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13  per  cent.,  is  strong  evidence  in  favour  of  this  view — that 
the  /3  constituent  breaks  down  with  the  formation  of  a  +  -y, 
the  y  constituent  afterwards  changing  into  h.     In  this  case 


3.  3iin2l/i/3dH3X   - 


it  must  be  assumed  that  the  first  evolution  of  heat  is  due 
to  the  decomposition  of  the  /3  into  a +  7,  and  the  second 
evolution  due  to  formation  of  ^  constituent  from  the  meta- 
stable  y. 
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At  13 '5,  however,  ^  is  directly  formed  from  the  y  constituent 
previously  deposited  at  766°  C,  so  that  all  alloys  containing 
more  than  13*5  per  cent,  aluminium  will  have  free  <5  present 
at  the  time  the  decomposition  of  j8  sets  in,  with  the  result 
that  there  will  be  much  less  tendency  of  supercooling  of  these 
alloys. 

Another  interesting  point  to  notice  in  connection  with  the 
pure  /3  solid  solution  is  that  whereas  above  766°  C.  it  holds  the 
y  constituent  in  solution  and  at  766°  C.  the  pure  y  breaks 
down  into  ^,  no  such  change  is  recorded  in  the  pure  /3  solid 
solution  itself.  This  is  somewhat  remarkable,  as  indicating 
either  that  y  loses  its  identity  when  in  solution,  or  else  that 
the  y  is  stable  when  in  solution  in  the  /3  down  to  the  tem- 
perature at  which  ^  itself  is  stable.  The  latter  explanation 
agrees  well  with  what  has  been  said  with  regard  to  the  y  first 
separating  at  the  eutectoid  in  turn  to  be  changed  into  8. 

With  reference  to  the  low  point  at  290°  C,  a  study  of  the 
heating  and  cooling  curves  of  Carpenter  and  Edwards  shows 
that  there  is  a  marked  evolution  of  heat  at  290°  C.  on  cooling 
in  all  alloys  containing  between  9  to  16  per  cent,  aluminium, 
moreover  that  the  largest  evolution  occurs  at  the  composition 
of  the  pure  eutectoid. 

The  heating  curves  also  indicate  an  evolution  of  heat  in  the 
neighbourhood  of  400°  C. 

In  order  to  determine  whether  this  point  was  real  or  not, 
cooling  curves  of  a  12*75  per  cent,  aluminium  alloy  were 
taken ;  this  curve,  which  is  given  in  Fig.  7,  shows  a  well- 
marked  evolution  of  heat  at  290°  C,  besides  the  double  point 
at  480°  C.  and  500°  C. 

If  this  evolution  of  heat  at  290°  C.  is  dependent  upon  some 
metastable  phase,  due  to  the  incomplete  decomposition  of  the 
j8  into  a  +  ^,  then  an  annealing  at  a  temperature  below  480°  C. 
should  facilitate  the  decomposition,  and  no  low  point  ought  to 
be  obtained. 

That  this  is  so  is  seen  by  curve  5  in  Fig.  7,  which  is  a 
cooling  curve  taken  after  heating  the  alloy  at  a  temperature  of 
460°  C.  for  three  hours. 

Another  specimen  containing  14  per  cent,  of  aluminium 
was  also  taken ;  the  heating  and  cooling  curves  are  given  in 
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Fig.  7.  It  will  be  seen  that  there  is  a  marked  evolution 
of  heat  on  heating  at  a  temperature  of  412°  C.  Annealing 
for  a  few  hours  at  460°  produced  similar  results  to  the 
previous  ones,  completely  obliterating  the  290°  C.  point. 

In  view  of  the  fact  that  the  evolution  of  heat  at  290°  is  at 
a  maximum  in  the  pure  eutectoid   alloy,  the   only  possible 
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explanation  seems  to  be  that  it  is  due  to  some  undecomposed 
/3  existing  down  to  that  temperature,  and  at  that  particular 
temperature  is  transformed  partly  to  its  stable  constituents 
a-\-%\  only  partly  so,  as  it  has  been  shown  that  a  similar 
change  occurs  in  heating.  Given  time,  however,  the  whole  of 
the  j8  constituent  will  be  resolved  into  its  components  if  heated 
above  that  temperature  (290°). 

Another  possibility  is  that  this  low  point  is  due  to  the  7 
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constituent  present  changing  to  h\  but  in  view  of  the  largest 
evolution  of  heat  occurring  at  the  composition  of  the  pure 
eutectoid,  it  is  most  probable  that  this  point  is  due  to  super- 
cooling of  the  ^  constituent. 

290°  is  the  lower  limit  of  the  labile  range  through  which 
the  )8  can  exist ;  it  is  in  many  respects  analogous  to  the  Ar^ 
point  of  pure  iron,  which,  according  to  Benedicks,  is  entirely 
due  to  the  labile  condition  of  the  <y  iron,  and  not  due  to  any 
separate  allotropic  change,  such  as  that  of  /3  into  a. 

That  this  low  point  is  of  some  importance  is  indicated  by  the 
diagram  on  page  179  of  Carpenter  and  Edwards'  paper,  and 
reproduced  in  Fig.  2.  This  diagram  shows  the  variation  in 
mechanical  properties  of  a  9*9  per  cent,  aluminium  alloy  at 
varying  temperatures. 

It  is  seen  that  between  300°  to  400°  there  is  a  sudden 
decrease  in  the  mechanical  properties,  due  undoubtedly  to  the 
undecomposed  /3  breaking  up  on  heating  between  300°  to  400° 
into  a  -f-  ^.  Now  if  this  change  was  merely  due  to  the  chang- 
ing of  deposited  7  into  h,  no  such  differences  in  mechanical 
properties  would  be  obvious,  since  the  difference  in  the 
mechanical  properties  of  r^  and  ^  cannot  be  great,  whereas  the 
difference  between  the  /5  and  a-f  ^  conglomeration  is  con- 
siderable. 

The  analyses  of  several  of  the  alloys  were  carried  out ;  the 
analytical  results  corresponded  so  well,  however,  with  the 
intended  composition  that  it  was  thought  unnecessary  to 
analyze  the  complete  series. 

The  following  are  the  results  obtained : 


Intended  Composition 

of  Alloy. 
Aluminium  per  Cent. 

Found  by  Analysis. 

Error. 

13-0 

12-83 

-017 

15-50 

15-44 

-0-06 

17  0 

17-15 

+  015 

12-5 

12-66 

+  0-16 

11-5 

11-61 

+  0-11 
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From  which  it  is  seen  that  the  grecatest  difference  is  0"17, 
an  amount  almost  within  the  limits  of  experimental  error. 
Accordingly  the  remaining  alloys  were  taken  as  being  of  the 
required  composition,  that  is  to  say,  the  composition  aimed  at 
in  their  making. 

The  work  is  the  outcome  of  a  series  of  discussions  with 
Professor  H.  C.  H.  Carpenter,  to  whom  the  author  wishes  to 
express  his  sincere  thanks  and  gratitude. 

The  entire  work  was  carried  out  at  the  Metallurgical 
Laboratories  of  the  University  of  Manchester. 
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COMMUNICATION. 

Professor  H.  C.  H.  Carpenter,  M.A.,  Ph.D.  (Vice-President),  wrote 
that  he  had  studied  Mr.  Andrew's  paper  with  much  interest.  Certain 
discrepancies  existed  between  the  equilibrium  diagrams  of  the  copper- 
aluminium  system  which  had  been  determined  by  Mr.  Edwards  and 
himself,  and  a  little  later  by  Mr.  Curry,  and  it  was  important  that  these 
shoidd  be  removed. 

1.  The  Line  de. — Mr.  Andrew's  results  entirely  confirmed  the  existence 
of  this  line,  which  Mr.  Edwards  and  he  had  found,  but  which  Mr.  Curry 
had  denied.  Mr.  Andrew,  however,  had  found  in  addition  that  this 
line  met  the  horizontal  cd  at  a  temperature  which  he  had  found  to  be 
766°  C,  and  which  corresponded  to  the  change  from  y  to  S  on  cooling. 
The  writer  accepted  this  evidence,  and  agreed  with  Mr.  Andrew's  inter- 
pretation. 

2.  The  Eutectoid  Inversion. — Here  again  the  writer  agreed  with  Mr. 
Andrew's  interpretation,  and  considered  he  had  satisfactorily  proved  that 
fi  inverted  to  a  -(-  8.  His  explanation  of  the  thermal  efi"ects  observed 
with  alloys  containing  between  11 '5  and  13"5  per  cent,  of  aluminium  at 
480°  C.  on  cooling  appeared  to  be  fully  warranted,  and  his  conclusion 
that  in  this  range  (i  inverted  first  to  ci  +  y,  and  afterwards  to  a  -f-  8 
appeared  equally  well  established.  Had  Mr.  Andrew  held  these  alloys 
for  a  sufficient  time  at  a  temperature  below  the  first  inversion,  but  above 
the  second,  he  would  have  settled  conclusively  whether  the  thermal  change 
at  480°  C.  was,  as  seemed  so  probable,  due  to  supercooling.  It  would 
not,  however,  have  been  an  easy  experiment  to  carry  out,  because  the 
interval  between  the  two  inversions  was  very  narrow. 

He  thought  that  the  most  probable  temperature  of  the  eutectoid 
inversion  was  rather  higher  than  515°  C,  the  temperature  selected  by 
Mr.  Andrew.  The  determinations  by  Mr.  Edwards  and  himself  (Eighth 
Report  to  the  Alloys  Research  Committee,  pp.  209-212)  give  a  very 
constant  figure  on  heating,  viz.  562°  C.  Curry  found  570°  C.  On 
cooling,  the  figures  found  were  more  variable,  but  mostly  occurred  in  the 
range  530-520°  C.  Taking  566°  C.  as  the  mean  on  heating,  and  525°  C.  as 
the  mean  on  cooling,  this  gave  a  mean  value  of  about  545°  C.  as  a  probable 
figure  for  the  temperature  of  the  inversion.  The  writer  regarded  it  as 
fairest  to  take  the  arithmetic  mean  between  the  figures  obtained  on  heat- 
ing and  cooling,  while  agreeing  that  this  might  give  a  value  somewhat 
lower  than  the  true  one — how  much,  however,  it  was  impossible  to  say. 

3.  The  fact  that  Mr.  Andrew  has  been  unable  to  observe  any  structural 
difference  between  y  and  8  in  nowise  invalidated  his  conclusions  with 
regard  to  this  change,  which  could  be  interpreted  entirely  from  thermal 
data  and  phase  rule  considerations.  As  he  pointed  out,  his  8  was  the 
same  as  Mr.  Edwards'  and  the  writer's  y'. 

4.  Mr.  Andrew's  explanation  of  the  low  thermal  point  at  290°  C, 
whose  existence  was  established  by  Mr.  Edwards  and  the  writer,  was  one 
that  he  had  conclusively  proved,  viz.  that  it  was  the  supercooling  limit 
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of  /3  which  there  inverted  to  a  and  S.  He  was  hardly  correct  in  saying 
that  Mr.  Edwards  and  the  writer  found  and  "  completely  ignored  "  it.  At 
the  time  when  they  prepared  the  Eighth  Alloys  Report,  they  had  not 
made  up  their  minds  as  to  the  most  probable  explanation  of  this  change, 
and  events  had  now  shown  that  they  were  quite  correct  in  not  incor- 
porating it  in  the  equilibrium  diagram  of  the  system.  Its  practical 
importance,  however,  was  clearly  seen  in  Fig.  2,  reproduced  from  their 
paper  by  Mr.  Andrew,  who  gave  it  the  correct  interpretation.  It  must 
be  recognized  that  although  the  thermal  change  at  290°  C.  was  merely  a 
supercooling  effect,  yet  it  would  occur  in  all  aluminium-copper  alloys 
over  the  range  from  9  to  16  per  cent,  of  aluminium,  except  such  as 
had  been  cooled  at  a  most  unusually  slow  rate,  or  whose  cooling  had 
been  completely  arrested  for  a  period  above  290°  C.,  so  as  to  allow  the 
^  to  a  -H  S  change  to  complete  itself  before  this  temperature  was  reached. 
Mr.  Andrew  was  to  be  congratulated  on  the  publication  of  a  skilful 
piece  of  work  and  a  convincing  contribution  to  the  copper-aluminium 
equilibrium. 

Mr.  J.  H.  Andrew  wrote,  in  reply,  that  he  was  exceedingly  pleased  to 
find  that  Professor  Carpenter  agreed  with  his  (Mr.  Andrew's)  interpreta- 
tion of  the  experimental  results. 

As  Professor  Carpenter  stated,  the  difference  in  temperature  between 
the  first  and  second  evolutions  of  heat  at  the  eutectoid  inversion  was  so 
exceedingly  small  that  it  was  almost  impossible  to  carry  out  what  would 
undoubtedly  have  been  a  convincing  test  for  his  (Mr.  Andrew's)  theory, 
namely,  to  have  held  the  alloy  at  a  temperature  just  below  that  of  the 
first  inversion  for  some  time,  when  the  lower  inversion  should  be  entirely 
obliterated. 

With  regard  to  the  question  of  the  temperature  of  the  eutectoid 
inversion,  the  author  quite  agreed  with  Professor  Carpenter  that  it  might 
be  better  to  take  the  mean  of  the  values  found  upon  heating  and  upon 
cooling  as  being  correct.  As  will  be  seen  from  the  cooling  curves,  the 
inversion  temperature  was  found  to  vary  between  540°-506°  C,  but  it 
was  well  known  that  these  alloys  were  very  subject  to  super-cooling 
influences. 

The  author  would  again  like  to  express  his  indebtedness  to  Professor 
Carpenter  for  his  valuable  advice  and  assistance,  given  so  ungrudgingly 
throughout  the  course  of  the  work. 
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THE  QUANTITATIVE  EFFECT  OF  RAPID 
COOLING  UPON  THE  CONSTITUTION 
OF   BINARY   ALLOYS.* 

PART   III. 

By  G.  H.  GULLIVER,  D.Sc,  F.R.S.E.,  A.M.I.Mech.E, 

I.  Calculation  of  the  Constitution  of  Alloys 
Cooled  at  Ordinary  Rates. 

In  Part  II.  of  this  investigation  f  the  determination  of  the 
constitution  of  alloys  when  cooled  at  a  rate  intermediate  be- 
tween very  fast  and  very  slow  was  treated  in  an  incomplete 
manner ;  further  progress  has  since  been  made  with  the  solu- 
tion of  this  problem,  and  the  results  seem  to  be  of  sufficient 
interest  to  put  on  record  as  briefly  as  possible. 

It  may  be  recalled  that  the  apparent  limit  of  saturation  of 
the  solid  solution  was  designated  x,  and  that  the  difficulty  at 
which  the  previous  discussion  ended  was  the  manner  of  vari- 
ation of  the  quantity  x  with  the  temperature.^  If  the  solidus 
and  liquidus  are  both  sensibly  straight  lines,  the  variation  of 
X  with  the  temperature  cannot  differ  much  from  a  linear 
relation  also,  since  the  extreme  values  of  x  vary  according  to 
two  straight  lines — the  solidus  and  the  vertical  boundary 
X=  0.  In  other  words,  if  a  lead-tin  alloy,  containing  x^^  per 
cent,  of  tin,  is  cooled  at  such  a  rate  that  it  just  solidifies  at 
the  eutectic  temperature  without  any  formation  of  eutectic, 
an  alloy  containing  x^]2  per  cent,  of  tin,  cooled  at  the  same 
rate,  may  be  expected  to  become  just  completely  solid  at  a 
temperature  midway  between  the  freezing  point  of  lead  and 
that  of  the  lead-tin  eutectic.  Though  the  assumption  of  this 
linear  variation  of  x  with  the  temperature  requires  verification, 
there  is  such  a  strong  probability  of  its  substantial  accuracy 
that  it  has  been  made  use  of  to  work  out  the  corresponding 

*  Taken  as  read  at  Annual  General  Meeting,  London,  March  19,  1915. 

+  Journal  of  the  Institute  of  Metals,  1914,  vol.  xi.  p.  252.         J  Loc.  cit.,  p.  271. 
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conditions  in  lead- tin  alloys  cooled  at  moderate  rates.  Taking 
the  same  three  values  of  x  as  were  employed  before,*  namely, 
4,  8,  and  12  per  cent,  of  tin,  measured  at  the  eutectic  tem- 
perature, as  defining  the  rate  of  cooling  of  the  alloys,  the 
proportions  of  solid  and  liquid  in  the  chosen  alloys,  at  nine 
equidistant  temperatures,  have  been  calculated,  and  the  aver- 
age composition  of  the  non-uniform  primary  crystals  has  been 
determined  in  the  manner  already  explained  in  Part  I.  of  this 
investigation.!  The  corresponding  solidus  curves  are  drawn 
in  Figs.  1,  2,  and  3,  which  differ  from  each  other  and  from 
Fig.  8,  Part  I.,  only  as  regards  the  rate  of  cooling.  The  four 
sets  of  solidus  curves  for  each  of  the  alloys  I.,  III.,  and  VII. 
are  compared  in  Fig.  4 ;  if  those  for  the  other  six  alloys  were 
inserted  here  there  would  be  too  much  overlapping  and  con- 
fusion to  allow  of  easy  comparison.  The  assumption  of  the 
linear  variation  of  x  with  the  temperature  is  readily  seen  to 
give  apparent  solidus  curves  of  what  one  conceives  to  be  correct 
general  form,  and  of  correct  manner  of  change  of  form  with 
change  in  the  rate  of  cooling.  In  the  calculations  the  liquidus 
was  assumed  straight  for  convenience,  since  the  error  caused 
by  this  assumption,  as  shown  in  Part  II.,  J  is  extremely  small. 
If  the  solidus  and  liquidus  are  much  curved  it  is  necessary, 
as  pointed  out  at  the  end  of  Part  II.,  to  express  the  numerical 
results,  obtained  by  substituting  variable  values  of  X^  and  Xg 
in  the  expression  (7&),§  in  terms  of  the  actual  fixed  values  of 
these  quantities.  The  index  of  the  fraction  Z/X^  is  then 
found  to  vary  with  X,  instead  of  being  constant  as  it  is  when 
liquidus  and  solidus  are  straight.  Values  of  the  index,  which 
for  convenience  of  reference  is  denoted  by  n,  have  been  cal- 
culated for  copper-tin  alloys  which  reject  a-crystals,  and  in 
Fig.  5  these  are  plotted  against  the  composition  of  the  alloys. 
The  points,  indicated  by  the  black  dots  in  the  upper  part  of 
this  diagram,  lie  very  closely  upon  a  straight  line,  of  which 
the  equation  is 

*  hoc.  cit.,  p.  270. 

t  Journal  of  the  Institute  of  Metals,  No.  1,  1913,  vol.  ix.  p.  120. 

X  Ibid.,  p.  255.  §  Ibid.,  p.  269. 
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COMPOSITION 

Fig.  1. 
Part  of  equilibrium  diagram  for  lead-tin  alloys,  showing  apparent  solidus  curves 
for  a  rate  of  cooling  characterized  by  :f =4. 


COMPOSITION 

Fig.  2. 
Similar  to  Fig.  1,  but  for  a  rate  of  cooling  characterized  by  x—%. 
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COMPOSITION 

Fig.  3. 
Similar  to  Fig.  1,  but  for  a  rate  of  cooling  characterized  by  ;i?=12. 


I 


COMPOSITION 

Fig.  4. 
Part  of  equilibrium  diagram  for  lead-tin  alloys,  comparing  solidus  curves  of  alloys  I., 
III.,  and  VII.  for  rates  of  cooling  characterized  by  values  of  x  of  0,  4,  8,  12,  and  16 
per  cent,  of  tin. 
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where  X  is  the  composition  of  the  alloy ;  the  numerical  values 
of  X^  and  X^  are  25*5  and  9*0  per  cent,  of  tin  respectively. 
But  it  is  necessary  to  satisfy  the  condition  that  ?i  =  1  when 
x  =  Xg\  accordingly  it  is  convenient  to  put 

—  1+  V  V 


and  to  write  the  equation  of  the  topmost  straight  line  of  Fig.  5 
in  the  form 

where  a  and  l  are  numerical  constants,  having  the  values  0*52 
and  1*00  in  the  present  case.     The  expression 


E={^y''''^^k'''^^^ 


is  then  the  closest  simple  approximation  to  the  curve  which 
represents  the  proportion  of  liquid  present  at  the  transition 
temperature  in  these  alloys  when  cooled  at  an  indefinitely 
rapid  rate.  For  an  intermediate  r^te  of  cooling  characterized 
by  the  quantity  x,  the  corresponding  equation  is 

This  form  of  expression  is  adopted  because  it  is  the  simplest 
one  which  fulfils  the  numerical  conditions  for  n,  and  reduces 
to  the  correct  limiting  forms  for  very  slow  and  very  rapid 
cooling  respectively.  Fig.  6  shows  curves  calculated  from 
the  last  equation,  when  the  values  of  x  are  3  and  6  ;  the 
corresponding  values  of  n  are  represented  in  Fig.  5  by  small 
open  circles.  Fig.  6  should  be  compared  with  Fig.  10  of 
Part  II. 

The  determination  of  the  apparent  solidus  curves  of  the 
alloys,  for  the  above  two  rates  of  cooling,  involves  the  calcula- 
tion of  the  proportion  of  liquid  present  in  each  chosen  alloy 
at  a  series  of  temperatures.  Now  the  numerical  constants 
0'52  and  1"00  are  those  for  the  transition  temperature,  795°  C, 
and  one  or  both  of  them  may  be  different  for  a  different  tem- 
perature.    It  is  necessary,  therefore,  to  determine  the  value  of 
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COMPOSITION 

Fig.  5. 

Diagram  showing  the  variation  in  the  index  n,  at  four  different  rates  of  cooling,  for 

copper-tin  alloys  which  reject  a-crystals. 
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COMPOSITION  OF   ALLOY 

Fig.  6. 

Diagram  showing  the  calculated  proportion  of  liquid,  immediately  above  the  transition 
temperature,  in  copper-tin  alloys  which  reject  a-crystals,  cooled  at  four  different 
rates. 
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COMPOSITION 

Fig.  7. 

Diagram  showing  the  variation  in  the  index  n,  at  different  temperatures,  for  very  rapidly 

cooled  copper-tin  alloys  which  reject  a-crystals. 


COMPOSITION 
Fig.  8. 
Part  of  equilibrium  diagram  for  copper-tin  alloys,  showing  apparent  solidus  curves  for 
very  rapidly  cooled  alloys  which  reject  a-crystals. 


270     Gulliver :  Quantitative  Effect  of  Rapid  Cooling 

n  for  eacli  chosen  alloy  at  the  various  selected  temperatures ; 
this  presents  no  difficulty,  and  the  calculated  values  plotted  in 
Fig.  7  show  that,  for  each  temperature,  n  varies  in  an  approxi- 
mately linear  manner  with  the  composition  of  the  alloy.  The 
corresponding  values  of  a  and  h  are  easily  found. 

The  only  remaining  difficulty  to  be  overcome  before  the 
numerical  work  can  be  carried  out  is  that  of  the  determination 
of  the  manner  in  which  x  varies  with  the  temperature.  Now 
the  copper-tin  solidus  line,  Aa,  Fig.  4,  Part  II.,  so  far  as  is 
known,  is  straight,  and  the  argument  applied  above  in  the  case 
of  the  lead-tin  alloys,  namely,  that  the  extreme  values  of  x 
vary  according  to  two  straight  lines,  the  solidus  and  the 
vertical  boundary  -X'  =  0,  and  that  therefore  the  intermediate 
values  probably  vary  in  a  linear  manner  also,  is  as  legitimate 
here  as  before.  The  variation  of  x  with  the  temperature  is 
thus  assumed  to  be  linear. 

The  proportion  of  liquid  in  each  of  the  chosen  alloys,  at 
each  selected  temperature,  can  be  now  determined  by  inserting 
the  appropriate  values  of  the  various  quantities  in  the  equa- 
tion. Thus,  for  an  alloy  containing  10  "40  per  cent,  of  tin,  at 
the  temperature  971°  C,  cooled  at  a  rate  characterized  by 
a;  =  3  at  the  transition  temperature, 

a=  0-28  6  =  2-56  x=   I'l? 

Z£=13-65  Xs=3-50  X=  10-40 

The  value  of  the  index,  therefore,  is 

1  ,  noo  3-50-1-17/    _  ,  10-40- 1-17\      .  „,_ 
^=^  +  Q''^3-65-3-50(^-'^  +  13-65-l-17>)  =  ^  ^^^ 

and  the  proportion  of  liquid  in  the  mixture  is 
/10-40— ri7\l2l2 

From  the  calculated  proportion  of  liquid  the  average  composi- 
tion of  the  primary  crystals  is  determined  as  in  previous 
cases ;  the  corresponding  solidus  curves  are  plotted  in  Figs.  9 
and  10,  and  may  be  contrasted  with  those  of  Fig.  8,  obtained 
for  an  indefinitely  rapid  rate  of  cooling.  In  Fig.  11  the 
various  solidus  curves  of  two  of  the  alloys,  for  different  rates 
of  cooling,  are  compared;  those  for  the  other  chosen  alloys 
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ofifer   a   similar   comparison,  but   their   insertion    here   would 

make  the  diagram  needlessly  intricate. 

A  more  complex  example  than  the  above  is  that  of  the 

•y-crystallization   of  the  copper-tin  alloys.     Here   the  values 

of  X,  and  the  fixed  values  of  X^  and  Xj,  must  be  measured 

from   the  point  of  intersection  of  the  solidus  and   liquidus, 

which  is  at  about  25*7  per  cent,  of  tin.     The  variation  in  the 

index  n  for  this  case  is  shown  by  the  black  dots  in  the  upper 

part  of  Fig.  12.     A  curve  through  the  points  appears  roughly 

hyperbolic,   but   a   solution   gives   two   straight   lines   as    the 

nearest  simple  approximation ;  these  lines  are  represented  by 

the  equations 

X       /  X\ 

Wt=  1  +  1-11       IxV'^^^Y)  ^^^^  ■^^■^^  '^  ^^^^  ^^^^^  ^•'o\h, 

^2=  1+  l-ll-fT — ^  ( 1-88--^  )  when  AVA^  is  greater  than  0-615. 
Ae—-X.s\  -^e/ 

The  proportion  of  liquid  left  at  the  transition  temperature  in 
an  alloy  of  composition  X,  cooled  at  a  rate  characterized  by 
the  quantity  o:,  if  the  method  used  above  is  employed  here,  is 
given  by  one  of  the  expressions 

E- 

according  as  „  _^^  is  less  or  greater  than  0'615.     Numerical 

values  of  the  proportion  of  liquid  have  been  calculated  when 
X  is  5*1  and  10*2,  and  the  corresponding  curves  are  drawn  in 
Fig.  13,  from  which  they  appear  to  be  of  fairly  satisfactory 
shape  and  position,  though  not  entirely  so,  the  portions  of 
each  curve  in  the  neighbourhood  of  the  point  at  which  the 
change  in  the  form  of  n  occurs  being  defective,  indicating  that 
the  approximation  taken  is  not  of  sufficient  accuracy.  The 
calculated  values  of  n  for  the  two  intermediate  rates  of  coolinsr 
are  shown  by  small  open  circles  in  Fig.  12. 

When  the  apparent  solidus  curves  are  required  for  these 
intermediate  rates  of  cooling,  difficulties  are  encountered.  The 
numerical  values  of  n  at  various  temperatures  of  the  chosen 
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COMPOSITION 

Fig.  9. 
Similar  to  Fig.  8,  but  for  a  rate  of  cooling  characterized  by  x=Z. 


composition 

Fig.  10. 
Similar  to  Fig.  8,  but  for  a  rate  of  cooling  characterized  by  ^=6. 
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COMPOSITION 

Fig.  11. 
Part  of  equilibrium  diagram  for  copper-tin  alloys,  comparing  solidus  curves  of  alloys  I. 
and  V.  for  rates  of  cooling  characterized  by  \alues  of  .v  of  0,  3,  0,  and  9  per  cent 
of  tin. 
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COMPOSITION 

Fig.  12. 
Diagram  showing  the  variation  in  the  index  «,  at  four  different  rates  of  cooling,  for 


copper-tin  alloys  which  reject  7-crystals. 


S 
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alloys  are  easily  calculated,  just  as  before ;  but  when  they  are 
plotted,  as  in  Fig.  14,  a  complex  system  of  curves  is  revealed, 
and  only  the  extreme  members  of  the  system  can  be  even 
approximately  represented  by  an  equation  of  simple  form.  It 
has  been  considered  advisable,  therefore,  to  terminate  the  pre- 
sent discussion  at  this  point.  The  complexity  of  the  curves  of 
Fig.    14  may  be  traced  chiefly  to  the  peculiar  form  of  the 


COMPOSITION  OF  ALLOY 
Fig.  13. 

Diagram  showing  the  calculated  proportion  of  liquid,  immediately  above  the  transition 
temperature,  in  copper-tin  alloys  which  reject  7-crystals,  cooled  at  four  different 
rates. 


equilibrium  solidus  for  the  -y-crystals.  Recently  published 
equilibrium  diagrams  for  other  series  of  alloys  go  to  show  that 
solidus  curves  in  general  may  be  expected  to  depart  much 
more  from  straightness  than  was  formerly  considered  likely; 
but,  on  the  other  hand,  a  reversed  curvature,  like  that  in  Fig, 
15,  is  unusual,  and  suggests  a  change  of  phase.  It  is  probable, 
therefore,  that  in  the  larger  number  of  cases  the  methods 
of  this   paragraph  will   be   at   least   fairly  satisfactory.     The 
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Fig.  14. 

Diagram  showing  the  variation  in  the  index  n,  at  different  temperatures,  for  very  rapidly 

cooled  copper-tin  alloys  which  reject  7-crystals. 
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Fig.  1 15. 

Part  of  equilibrium  diagram  for  copper-tin  alloys,  showing  apparent  solidus  curves  for 
very  rapidly  cooled  alloys  which  reject  7-crystals. 
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apparent  solidus  curves  for  y,  when  the  rate  of  cooling  is 
indefinitely  rapid,  present  no  difficulty,  of  course,  and  are 
drawn  in  Fig.  15  ;  they  clearly  show  the  influence  of  the 
peculiar  form  of  the  true  solidus.  > 

II.  Comparison  of  Calculated  with  Experimental 
Results. 

It  is  of  some  interest  to  compare  results  obtained  experi- 
mentally under  Tammann's  direction  at  Gottingen,  by  the 
well-known  method  already  alluded  to,  with  the  calculated 
values  for  the  same  conditions  of  cooling.  The  first  example 
to  be  taken  is  that  of  the  lead-tin  alloys,  for  which  the 
theoretical  conditions  have  been  now  examined  with  a  fair 
degree  of  completeness.  The  time  of  solidification  of  the 
eutectic  present  in  these  alloys,  when  they  are  cooled  at  a 
moderately  slow  rate,  has  been  determined  by  Degens ;  *  if 
each  time  is  plotted  against  the  composition  of  the  corre- 
sponding alloy,  a  mean  curve  through  the  points  gives  a 
maximum  time  of  about  735  seconds  for  an  alloy  consisting 
of  pure  eutectic — 63  per  cent,  of  tin — and  a  zero  time  at 
about  8  per  cent,  of  tin.  The  real  saturation  limit  of  the 
solid  solution  at  the  eutectic  temperature  is  about  16  per 
cent,  of  tin,  and  the  curve  for  a  cooling  rate  characterized 
by  x=8  is  to  be  found  in  Fig.  10,  Part  II.  This  is  repro- 
duced here  in  Fig.  16,  and  the  experimentally  determined 
proportion  of  eutectic  for  each  alloy,  given  by  the  solidifica- 
tion time  in  seconds  divided  by  the  maximum  time  of  735 
seconds,  is  marked  upon  the  diagram.  The  experimental 
points  lie  somewhat  irregularly,  but  group  themselves  fairly 
well  about  the  curve. 

Another  example,  of  some  practical  importance,  is  furnished 
by  the  aluminium-rich  alloys  of  the  aluminium-copper  series. 
The  form  of  the  liquidus,  which  is  slightly  convex  upwards, 
has  been  determined  by  Carpenter  and  Edwards, f  by  Curry, J 
and  by  Gwyer ;  ^  the  last-named  investigator  has  determined 

*  ZeiUchrift fiir  anorganische  Chemie,  1909,  vol.  Ixiii.  p.  207. 

+  Proceedings  of  the  Insiiiution  of  Mechanical  Engineers ,  1907,  p.  57. 

X  Journal  of  Physical  Chemistry,  1907,  vol.  xi.  p.  425. 

§  Zeitschrift  fiir  anorganische  Chemie,  1908,  vol.  Ivii.  p.  113. 
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the  time  of  solidification  of  the  eutectic  present  in  a  number  of 
alloys  of  the  series.  The  saturation  limit  of  the  aluminium- 
rich  solution,  usually  designated  >/,  is  at  about  10  per  cent,  of 
copper ;  the  form  of  the  solidus  has  not  been  determined,  and 
is  here  assumed  straight.  The  proportions  of  eutectic  in  a 
number  of  very  rapidly  cooled  alloys  have  been  calculated  in 
the  usual  manner,  and  are  set  out  as  a  fine  line  in  Fig.  1 7  ; 


PERCENTAGE     or    Tl  N 

Fig.  16. 
Diagram  showing  the  proportion  of  eutectic  in  lead-tin  alloys  cooled  at  a  moderate  rate. 
The  points  represent  the  experimental  observations  of  Degens,  and  the  curve  is  cal- 
culated for  ar=8  per  cent,  of  tin. 

the  corresponding  values  of  the  index  of  XlX^  are  plotted  in 
Fig.  18,  and  lie  closely  on  the  straight  line  represented  by 


>+o-3lraH+.C) 


The  corresponding  general  equation  for  the  proportion  of 
eutectic  in  an  alloy  X  of  the  series,  cooled  at  a  rate  char- 
acterized by  X,  is 


'^-^(2■00+-^--^ 


Xe-X^ 
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PERCENTAGE     or    COPPER 
Fig.  17. 

Diagram  showing  the  proportion  of  eutectic  in  aluminium-copper  alloys  cooled  at  a 
moderate  rate.  The  points  represent  the  experimental  observations  of  Gwyer,  and 
the  curve  is  calculated  for  x—%  per  cent,  of  copper. 
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PERCENTAGE     of    COPPER 

Fig.  18. 
Diagram  showing  the  variation  in  the  index  n  for  very  rapidly  cooled  aluminium- 
copper  alloys. 
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A  mean  curve  through  Gwyer's  experimental  points  gives  a 
value  of  x  =  Z,  as  representing  the  rate  of  solidification;  the 
points,  though  few  in  number,  are  shown  in  Fig.  17  to  lie 
closely  about  the  curve,  drawn  as  a  heavy  line,  calculated  for 
this  value  of  x. 

The  above  examples,  when  some  allowance  is  made  for 
experimental  errors  difficult  to  avoid  altogether,  show  fairly 
good  agreement  between  experimental  and  calculated  results. 
It  will  be  possible  to  extend  the  comparison  when  the  satura- 
tion limits  of  other  solid  solutions  are  known  with  greater 
accuracy  than  is  the  case  at  present.  In  one  instance,  that  of 
the  aluminium-tin  alloys,  the  comparison  of  the  calculated 
values,  deduced  from  the  equilibrium  diagram  of  Shepherd,* 
with  the  proportions  of  eutectic  determined  experimentally  by 
Gw^yer,!  led  to  the  suspicion  that  the  accepted  saturation 
limit  of  the  aluminium-rich  solution,  stated  as  20  per  cent,  of 
tin  by  the  former  investigator,  was  too  high.  Examination  of 
some  annealed  alloys  by  the  writer  show  this  to  be  so ;  the 
real  hmit  has  not  been  determined,  but  it  is  probably  below 
1 0  per  cent,  of  tin. 

• 

III.  The  Effect  of  the  Rate  of  Cooling  upon  the 
Proportions  of  the  Phases  when  a  Transition  is 
Involved. 

For  the  case  of  an  alloy  in  which  an  eutectic  is  formed,  the 
heat  evolved  at  the  freezing  point  of  the  eutectic  is  propor- 
tional to  the  amount  of  the  eutectic — that  is,  to  the  amount 
of  liquid  present  just  above  the  eutectic  temperature — and  this 
holds  good  for  any  rate  of  cooling,  provided  that  the  composi- 
tion of  the  eutectic  remains  unaltered,  and  that  the  tempera- 
ture remains  sensibly  constant  while  the  eutectic  solidifies. 
In  the  case  of  transformation  of  the  primary  crystals  of  a 
partially  solid  alloy  at  a  fixed  transition  temperature,  the  heat 
evolved  may  be  proportional  to  the  amount  of  liquid  taking 
part  in  the  reaction,  but  this  amount  is  not  necessarily  the 
same  as  the  total  amount  of  liquid  present  just  above   the 

*  Journal  of  Physical  Chemistry,  1904,  vol.  viii.  p.  233. 

t  Zeitschrift fiir  anorganische  C/iemie,  1906,  vol.  xli.x.  p.  311. 
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transition  temperature.  The  rate  of  cooling  has  an  importano 
effect  upon  the  reaction.  With  extremely  rapid  cooling — that 
is,  when  the  proportion  of  liquid  left  just  above  the  transition 
temperature  in  any  particular  alloy  is  a  maximum — the 
transformation  may  be  entirely  suppressed,  and  no  heat 
evolved.  At  a  slower  rate  of  cooling  only  a  part  of  the  liquid 
reacts  with  the  crystals,  and  the  heat  evolved  is  less  than 
would  have  been  the  case  if  the  reaction  had  been  completed. 
It  may  be  also  that  the  degree  of  completeness  of  the  reaction, 
when  the  rate  of  cooling  of  a  number  of  alloys  has  been  the 
same,  varies  with  the  composition  of  the  alloy ;  the  reaction 
would  be  expected  to  take  place  more  completely  when  there 
was  a  comparatively  small  proportion  of  primary  crystals  than 
when  there  was  much  primary  solid  and  little  liquid. 

Further,  while  the  maximum  proportion  of  liquid  at  the 
transition  temperature  aB,  Fig.  19,  is  obtained  in  an  alloy 
having  the  composition  of  the  point  B  on  the  liquidus,  the 
maximum  evolution  of  heat  with  very  slow  cooling  is  obtained 
in  an  alloy  of  the  composition  h,  that  of  the  secondary  solid. 
This  is  due  to  the  fact  that  the  reacting  substances  a  and  B 
afe  present  in  quantities  which  vary  in  opposite  directions 
when  the  composition  of  the  alloy  is  changed,  and  that  the 
proportional  amount  of  the  product  is  governed  by  the  quantity 
of  the  liquid  B  involved  in  the  reaction,  that  is,  the  quantity 
which  becomes  solid  at  this  temperature.  This  does  not  mean, 
of  course,  that  all  the  heat  evolved  is  due  simply  to  the  solidi- 
fication of  B.  If  the  rate  of  cooling  is  very  slow,  and  the 
composition  of  the  alloy  lies  to  the  left  of  h,  the  whole  of  the 
liquid  remaining  at  the  transition  temperature  crystallizes  at 
that  temperature ;  if  the  composition  of  the  alloy  lies  between 
&  and  J5,  all  the  a-crystals  disappear,  and  only  a  portion  of 

the  liquid,  bearing  the   fixed  ratio,  -g^r'  to  the  quantity  of 

primary  a-crystals,  solidifies  at  the  transition  temperature,  the 
letters,  ft,  h,  and  B  being  used  to  denote  the  compositions  cor- 
responding with  those  points  on  the  diagram. 

Now  suppose  that  the  rate  of  cooling  is  relatively  rapid 
until  the  transition  temperature  is  reached,  and  that  the  tem- 
perature  is   then   kept   constant  until  the  transformation  is 
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completed,  the  proportion  of  the  secondary  product,  |S,  for 
any  particular  mixture  is  the  same  as  before,  but  the  propor- 
tion of  reacting  liquid  is  greater,  some  of  the  liquid  which  now 
solidifies  being  material  which  would  have  crystallized  at  a 
higher  temperature  under  conditions  of  equilibrium.  So  long 
as  the  composition  of  the  alloy  lies  to  the  left  of  5,  it  is  clear 
that  again  all  the  hquid  solidifies  at  the  transition  tempera- 
ture, and  the  alloy  becomes  a  completely  solid  mixture  of  a 
and  /3.  When  the  composition  lies  between  h  and  B  all  the 
primary  crystals  disappear  as  a  result  of  the  transition,  and 


Fig.  19. 

Part  of  typical  equilibrium  diagram  for  a  series  of  alloys  in  which  the  partially  solid 

mixtures  experience  a  transition. 

the  proportion  of  liquid  which  is  necessary  for  the  process, 
that  is,  the  proportion  of  liquid  which  solidifies  at  the  transi- 
tion temperature,  is — 

h  -  (mean  composition  of  primary  crystals) 


(Proportion  of  primary  crystals) 


Thus  the  proportion  of  liquid  involved  in  the  reaction  no 
longer  bears  a  constant  ratio  to  the  proportion  of  primary 
crystals,  but  depends  upoti  the  average  composition  of  these, 
which  varies  with  the  composition  of  the  alloy  when  the  rate 
of  cooling  is  constant.  If  h  represents  the  average  composi- 
tion of  the  a-crystals  at  the  transition  temperature,  and  X  is 
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the  composition  of  the  alloy,  the  ratio  of  liquid  to  solid  when 
the  transition  temperature   is  just  reached  is  given  by  the 

fraction  ^_x  -^^^  i^  follows  that  when  X  lies  between  h  and 
B  the  proportion  of  liquid  solidifying  at  the  transition  tem- 
perature is 

(Total  proportion  of  liquid)  •  -^ •  ^ — r 

Ji.  —  IJ  —  0 

Now  the  fraction  jjzrh  ^^  constant  for  any  particular  alloy, 

while  the  total  proportion  of  liquid  and  the  numerical  fraction 

y:^  vary  with  the  rate  of  cooling,  both  becoming  greater  as 

the  rate  of  cooling  is  made  more  rapid ;  hence  the  proportion 
of  liquid  which  solidifies  in  a  particular  mixture  at  the  transi- 
tion temperature  increases  as  the  rate  of  cooling  is  made  more 
rapid,  provided  that  the  transformation  is  completed.  For 
any  particular  rate  of  cooling  the  maximum  proportion  of 
crystallizing  liquid  is  always  obtained  with  the  alloy  which 
has  the  composition  h. 

There  is  no  series  of  alloys  very  suitable  for  the  purpose  of 
illustrating  the  foregoing  remarks.  The  usual  defect,  from 
the  illustrative  point  of  view,  is  that  the  composition  of  the 
secondary  solid  is  too  near  that  of  the  liquid  to  allow  of  any 
great  departure  from  the  straight  line  in  that  part  of  the 
curve  of  proportion  of  crystallizing  liquid  which  refers  to 
alloys  between  points  like  b  and  B,  Fig.  19.  The  copper-tin 
alloys  containing  less  than  25*5  per  cent,  of  tin  make  quite  a 
good  example,  however,  if  the  composition  of  the  secondary 
solid  |6  is  assumed  to  be,  not  at  &  =  22'5  per  cent,  of  tin  (Fig. 
4,  Part  II.),  as  it  really  is,  but  much  nearer  to  «  =  9  per  cent, 
of  tin ;  it  has  been  taken  for  the  present  purpose  at  12  per 
cent,  of  tin.  This  arbitrary  change,  of  course,  has  no  effect 
upon  the  relative  proportions  of  solid  and  liquid  existing  just 
above  the  transition  temperature,  and  the  data  of  the  previous 
calculations  for  these  alloys  can  be  used  to  determine  the 
relative  amount  of  liquid  involved  in  the  transformation. 
Under  the  assumed  conditions  the  proportion  of  liquid  which 
crystallizes  at  the  transition  temperature  in  alloys  containing 
0  to  12  per  cent,  of  tin  is  the  total  amount  of  liquid  present 
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just  before  transition  commences;  for  alloys  containing  12  to 
2 5 "5  per  cent,  of  tin  the  total  liquid  is  to  be  multiplied  by 


B-X 
X-h 


b-h 
B-h 


in  order  to  obtain  the  proportion  which  solidifies ;  here 
5  =  25"5,  5  =  12  per  cent,  of  tin,  X  is  the  composition  of  the 
alloy,    and    h    is    the    average    composition    of    the    primary 


COMPOSITION   or    ALLOY 

Fig.  20. 
Diagram  showing  the  proportion  of  liquid  involved  in  the  transition  of  a  to  /3  in  copper- 
tin  alloys  cooled  at  different  rates.    The  composition  of  /3  is  assumed  as  12  per  cent, 
of  tin,  instead  of  its  true  value,  and  the  temperature  is  supposed  to  remain  stationary 
at  79.5°  until  the  transformation  is  complete.     The  diagram  is  illustrative  only. 

a-crystals  just  before  transition  commences.  The  results  cal- 
culated in  this  manner  are  plotted  in  Fig.  20  ;  the  portion  of 
the  diagram  to  the  left  of  the  dotted  vertical  line  at  12  per 
cent,  of  tin  is  identical  with  the  corresponding  part  of  Fig.  6, 
except  as  to  scale ;  the  part  to  the  right  of  the  dotted  line  is 
that  newly  determined. 

When  the  rate  of  cooling  through  the  transition  temperature 
is  not  slow  enough  to  allow  the  reaction  to  be  completed,  the 
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proportion  of  the  secondary  solid  is  a  certain  fraction  of  that 
obtained  under  the  previous  conditions  ;  this  fraction  probably 
varies  somewhat  with  the  composition  of  the  alloy,  as  well  as 
with  the  rate  of  cooling,  and  may  be  different  in  different 
parts  of  the  same  mass.  It  has  not  yet  been  found  possible  to 
formulate  the  ideal  behaviour  of  alloys  in  these  circumstances. 


IV.  The  Change  of  Thermal  Energy  during  a 
Transformation. 

The  actual  connection  between  the  quantity  of  heat  evolved 
and  the  proportion  of  liquid  which  solidifies  at  the  transition 
temperature,  when  the  rate  of  cooling  is  not  very  slow,  is  less 
simple  than  might  be  thought  at  first ;  it  is  of  importance  if 
the  constitution  of  a  series  of  alloys  is  to  be  determined  by 
thermal  means. 

Let  e^  be  the  intrinsic  energy  of  a  per  unit  of  weight,  let  e^ 
be  that  of  /3,  and  e^  that  of  the  liquid,  all  measured  at  the 
transition  temperature.  The  change  of  energy  at  the  transi- 
tion temperature  may  not  be  all  manifested  thermally,  so  that 
the  symbols  should  be  taken  as  applying  to  energy  which  is 
so  manifested,  though  the  argument  is  equally  valid  as  regards 
energy  manifested  in  other  ways. 

Suppose  first  that  cooling  is  so  slow  that  equilibrium  con- 
ditions prevail  throughout  the  process.'  Then  the  energy  of 
unit  weight  of  an  alloy  just  before  transition  is 

(i-^K+i;e3 

where  E  is  used  for  the  proportion  of  liquid  just  before  transi- 
tion. If  L  be  the  proportion  of  liquid  remaining  just  after 
transition,  P  the  proportion  of  a,  and  Q  the  proportion  of  |8, 
the  energy  per  unit  weight  of  the  transformed  alloy  is 

Hence  the  heat  evolved  or  absorbed  during  transition  per 
unit  weight  is 

After  transition  there  may  be  some  a-crystals  or  some  liquid 
left  in  the  mixture,  according  as  the  composition  of  the  alloy 
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lies  between  a  and  5,  or  between  h  and  B,  Fig.  19.  Let  k  be 
the  ratio,  by  weight,  of  a-crystals  to  Hquid  required  to  form 

/^-crystals,  that  is,  the  ratio  ,~  ,  Fig.  19. 

If  the  composition  of  the  alloy  lies  between  a  and  &,  a  is  in 
excess,  Z  =  0,  and  the  heat  evolved  during  transition  is 

Now  the  amount  of  a  involved  in  the  reaction  is  (1  —  ^  — P, 
and  the  amount  of  liquid  involved  is  E.     Therefore 

\-E-P 

^  =  -^ 

or  P=i-£'(i+^) 

And  Q  =  \-P  =  E{\^k) 

Therefore  the  heat  evolved  is 

=  ^{61^-62(1+^) +  63} 

which  is  proportional  to  E,  the  amount  of  liquid  involved  in 
the  reaction,  since  all  the  terms  within  the  bracket  are  constant. 
If  the  composition  of  the  alloy  lies  between  h  and  B  the  liquid 
is  in  excess,  P=0,  and  the  heat  evolved  during  transition  is 

In  this  case  the  amount  of  a  which  participates  in  the  re- 
action is  \—E,  and  the  amount  of  participating  liquid  is 
E-L.     Therefore 

,      \-E 


or 


E-L 

j-_E{l+k)-l 
k 

l  +  k 


And  Q  =  l-L  =  {l-E)   ^ 

Therefore  the  heat  evolved  is 
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whicti  is  the  same  proportion  oi  E  —  L,  the  amount  of  Hquid 
involved  in  the  reaction,  as  when  a  is  in  excess.  Thus  the 
heat  evolved  during  the  transition  of  any  alloy  between  a  and 
B  is  the  same  constant  multiple  of  the  amount  of  participating 
liquid. 

Suppose  next  that  cooling  is  comparatively  rapid  above 
the  transition  temperature,  but  so  slow  through  the  transition 
temperature  that  the  transformation  is  allowed  to  complete 
itself  Let  E'  be  the  proportion  of  liquid  just  before  tran- 
sition commences.  The  average  composition  of  the  primary 
crystals  is  different  from  their  equilibrium  composition,  and 
the  energy  per  unit  weight  is  correspondingly  different ;  let  its 
average  value  be  e^'.  The  conditions  after  transition  are 
exactly  the  same  as  in  the  first  case.  Hence  the  heat  evolved 
or  absorbed  during  transition  is 

But  since  the  mean  composition  of  the  primary  crystals  varies 
both  with  the  composition  of  the  alloy  and  with  the  rate  of 
cooling,  the  ratio  of  a  to  liquid  to  form  /3  is  correspondingly 
variable.     For  a  particular  alloy  X,  cooled  at-a  particular  rate, 

let  this  ratio  be  k'  \  this  is  the  ratio  j—r  of  page  22. 

If  a  is  in  excess,  Z=0.  The  amount  of  primary  crystals 
participating  in  the  reaction  is  {1  —  E')  —  P,  and  the  amount 
of  participating  liquid  is  E'.     Therefore 

\-E'-P 

or  P=\-E\l+k') 

And  Q=l-P=-E'{\+lc'). 

Hence  the  heat  evolved  is 

{(1  -Ey^'^E',^}-{{\  -E'{\+h')},^+E'{i+hy^-\ 

=  E'{e,{\+h')-e\-,4^\  +  h')+e^]  +  {e,'-.^) 
=  E\e^-e^)  +  k'E'{e,-62)  +  {l-E'){€,'-ej). 

For  a  constant  rate  of  cooling  above  the  transition  tem- 
perature, as  the  composition  of  the  alloy  is  changed  so  that 
X  increases,  the  fraction  E'  increases,  and  k'  also  increases, 
while  e^'  —  e^  decreases,  since  h  approaches  a.     Therefore  the 


i 
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heat  evolved  according  to  the  last  expression  consists  of  a 
portion,  ^'(63  — e,,),  which  is  a  constant  multiple  of  the  propor- 
tion of  participating  liquid,  a  second  portion,  k'E'ie^  —  e^), 
which  forms  an  increasing  multiple  of  the  participating  liquid 
as  X  moves  towards  &,  and  a  third  portion,  (1 —^'')(ej'  — e^), 
which  is  the  heat  evolved  in  the  conversion  of  the  non- 
saturated,  inhomogeneous  a-crystals  to  saturated  homogeneous 
a-crystals,  and  diminishes  as  X  moves  towards  h. 

For  an  alloy  of  constant  composition  X,  as  the  rate  of 
cooling  is  made  more  rapid  the  fraction  E'  increases,  but  k' 
decreases,  and  e/  —  e^  increases,  since  li  recedes  from  a.  The 
quantity  h'E'ie^  —  e^  is  therefore  a  diminishing  multiple  of  the 
proportion  of  participating  liquid  as  the  rate  of  cooling  is 
quicker,  while  the  quantity  (1  —  ^')(e/  — e^)  may  either  in- 
crease or  diminish  according  to  the  particular  metals  in  the 
mixture. 

If  the  liquid  is  in  excess,  P=0.  The  amount  of  primary 
crystals  participating  in  the  reaction  is  1  —  E' ,  and  the  amount 
of  participating  liquid  is  E'  —  L.     Therefore 

'^  "E'-L 


or 
And 


L  = 


W{l  +  k')-l 
k' 


k'  ' 


Q=l-L  =  {l^E') 
Therefore  the  heat  evolved  is 

,,      „,J     ,  1+/;;'  1    } 

■J   Jp/  /  % 

=  — p-  •    -j  ^ik'-e2{l+k')  +  (s\ 

=  {E'-L){ei'k'-e^{l+k')  +  e,} 

=  (E'~L)(es~€2)  +  k'(E'-L)(,,'-,.^ 

If  the  composition  of  the  alloy  is  changed  while  the  rate  of 
cooling  above  the  transition  temperature  is  kept  constant,  or  if 
the  rate  of  cooling  of  a  particular  alloy  is  varied,  the  effects 
are  similar  to  the  corresponding  ones  described  for  the  case 
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when  a  is  in  excess,  but  there  is  now  no  term  relating  to 
a-crystals  alone  since  these  disappear  entirely  during  transition. 
Suppose,  lastly,  that  the  rate  of  cooling  is  not  very  slow 
through  the  transition  temperature ;  then  the  transformation 
is  only  partially  accomplished.  In  alloys  having  a  composition 
to  the  left  of  l  there  will  be  usually  some  liquid  remaining 
after  the  process  of  transformation  has  ceased ;  in  alloys  with 
a  composition  between  h  and  B  there  will  be  usually  some 
a-crystals  remaining ;  so  that  in  general  the  three  phases, 
a,  /3,  and  liquid,  will  be  present  together  below  the  transition 
temperature.     The  heat  evolved  during  transition  is 

{(1  -  jS7')ei'+^%}  -  {P  V+  Q'e^+LS} 

where  P',  Q' ,  and  L'  are  the  proportions  of  a,  ,8,  and  liquid 
left  in  the  mixture  after  the  incomplete  transformation,  at  a 
temperature  just  below  that  of  aB,  Fig.  19.  Let  li"  be  the 
ratio  of  a  to  liquid  to  form  j8  in  a  particular  alloy  cooled  at  a 
particular  rate.  Then,  since  the  richer  parts  of  the  a-crystals 
are  the  outer  parts  of  the  crystals,  and  are  consequently  those 
first  attacked  by  the  liquid  during  the  reaction,  the  value  of 
k"  lies  between  that  of  h' ,  for  the  same  alloy  cooled  at  the 
same  rate  under  the  preceding  conditions,  and  that  of  k. 
Further,  on  account  of  their  inhomogeneity,  the  energy  per 
unit  weight  of  the  a-crystals  existing  before  transition  com- 
mences is  not  the  same  as  the  energy  per  unit  weight  of  the 
a-crystals  which  survive  the  reaction ;  the  first  is  accordingly 
lettered  e/,  and  the  second  e^'  in  the  expression  for  the  heat 
evolved.  It  is  supposed  that  e^  and  eg  have  their  equilibrium 
values ;  as  regards  eg  this  is  in  accordance  with  the  original 
hypothesis,  but  it  is  by  no  means  certain  that  the  /3-solution 
formed  during  an  incomplete  transition  must  necessarily  have 
the  composition  h. 

The  determination  of  the  quantities  P',  Q' ,  and  L'  for  alloys 
of  different  compositions  cooled  at  different  rates  offers  diffi- 
culties which  have  not  yet  been  surmounted,  and  it  follows 
that  the  determination,  by  thermal  means,  of  the  constitution 
of  an  alloy  which  has  suffered  an  incomplete  transition  is  a 
problem  which  still  remains  to  be  solved.  It  is  clear  from  the 
above  discussion  that  the  heat  evolved  during  transition,  if 
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the  rate  of  cooling  is  other  than  very  slow,  is  not  in  general 
proportional  to  the  amount  of  transforming  liquid,  and  the 
curves  obtained  experimentally  from  measurements  of  the 
time  during  which  the  temperature  remains  stationary  may  be 
expected  to  differ  in  form  from  the  curves,  like  those  of  Fig.  20, 
which  represent  the  proportion  of  transforming  liquid.  This 
conclusion  is  apparently  borne  out  by  some  of  the  Gottingen 
results,  in  which  the  experimental  curves  are  convex  where 
those  of  Fig.  20  are  concave;  other  experimental  curves  even 
show  a  reversal  of  curvature  in  their  length,  but  this  may  be 
due  to  experimental  errors ;  some  have  a  curvature  similar  to 
that  of  Fig.  20. 

It  must  not  be  forgotten  that  a  transition  which  is  incom- 
plete when  the  temperature  commences  to  fall  again  may  con- 
tinue over  a  considerable  interval  of  temperature,  possibly  at 
an  increasing  rate  and  with  recalescence,  so  that  a  solution  of 
the  last  equation  given  above  is  not  by  any  means  a  complete 
solution  of  the  whole  problem.  Much  depends  upon  the 
magnitude  of  the  change  of  energy  during  a  transformation. 
For  instance,  in  the  case  of  the  formation  of  the  compound 
CuAlo  in  copper-aluminium  alloys,  the  transformation  is  so 
energetic  that  the  time  results  plot  very  closely  to  a  straight 
line  even  when  the  rate  of  cooling  is  not  excessively  slow.* 
On  the  other  hand,  in  the  copper-lead  series,  though  two  of 
the  three  phases  present  at  the  transition  temperature  are 
liquids,  the  reaction  is  sluggish,  and  the  time  results,  even 
with  a  fairly  slow  rate  of  cooling,  plot  to  a  curve  instead  of  a 
straight  line.']' 

V. — Summary. 

The  more  important  results  of  the  investigation  are  sum- 
marized below. 

The  proportion  of  liquid  in  a  very  slowly  cooled  binary 
alloy  of  simple  type,  at  a  temperature  just  above  its  eutectic 

or  its  transition  point,  is  the  fraction  'y~4^  ,  where  JC  is  the 

composition  of  the  alloy,  X^  is  the  composition  of  the  satu- 

*  Gwyer,  loc.  cit.,  p.  8. 

t  Friedrich  and  Leroux,  Metallurgie,  1907,  No.  IV.,  p.  2!)3. 

T 
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rated  solid  solution,  and  Xj^  is  that  of  the  liquid.  In  the  case 
of  an  eutectiferous  alloy,  this  proportion  of  liquid  is  the  same 
as  the  proportion  of  eutectic  in  the  just  completely  solid  alloy, 
and  Xg  is  the  composition  of  the  eutectic. 

If  the  rate  of  cooling  is  made  extremely  rapid,  the  propor- 
tion of  liquid,  or  of  eutectic,  is  increased  to  the  quantity 

provided  that  the  liquidus  and  solidus  are  sensibly  straight. 
If  the  liquidus  and  solidus  are  curved,  the  proportion  of  liquid 
is  again  given  by  an  expression  of  the  form 

(0' 

but  n  is  a  more  complex  function  of  X,  Z^,  and  X^.  In  many 
cases  this  function  is  the  linear  one 


l  +  -]ri^Y,-(^  +  i) 


where  a  and  h  are  numerical  constants  which  vary  with  the 
metals  concerned.     In  other  cases  n  is  still  more  complex. 

If  the  rate  of  cooling  is  intermediate  between  very  slow  and 
very  fast,  the  proportion  of  liquid  is 


\A'a-J 


where       f  «'=!+'  ■^^ 


if  the  liquidus  and  solidus  are  straight,  and 

Xs-x       /,  .   X-x 


»i'  =  1  +  « 


Xjf—Xi 


E  —  ^S 


\      Xe — xJ 


in  the  most  simple  cases  of  curved  liquidus  and  solidus.  The 
quantity  x  is  the  apparent  saturation  limit  of  the  solid  solu- 
tion at  thatp  rate  of  cooling. 

The  proportion  of  liquid  in  an  alloy  at  any  stage  of  partial 
solidification  is  given  by  expressions  similar  to  the  above, 
having  values  of  X,  Xj^,  &c.,  suitable  to  the  particular  stage 
and  the  rate  of  cooling. 


! 
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When  the  equilibrium  diagram  for  a  series  of  alloys  con- 
sists of  a  number  of  liquidus  and  solidus  curves,  each  section 
of  the  diagram  is  capable  of  treatment  similar  to  that  out- 
lined above. 

The  constitution  of  an  alloy  when  cooled  at  a  rate  not  con- 
sistent with  equilibrium  is  thus  possible  of  calculation  from 
the  data  of  the  equilibrium  diagram,  xmd  the  apparent  solidus 
curve  for  this  rate  of  cooling  can  be  drawn.  The  exact  degree 
of  accuracy  of  the  result  no  doubt  varies  with  the  particular 
alloy  concerned,  but  in  general  is  probably  considerable.  De- 
tailed results  have  been  calculated  for  alloys  of  the  following 
series :  lead-tin,  copper-tin,  copper-zinc,  copper-nickel,  and 
copper-aluminium. 
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NOTE. 

THE  EFFECT  OF  TEMPERATURES  HIGHER  THAN 
ATMOSPHERIC  ON  TENSILE  TESTS  OF  COPPER 
AND  ITS  ALLOYS,  AND  A  COMPARISON  WITH 
WROUGHT    IRON    AND    STEEL    (No.   II.)* 

By  Professor  A.  K.  HUNTINGTON,  A.R.S.M.,  Past-President 
(University  of  London). 

COMMUNICATIONS. 

Professor  C.  A.  F.  Benedicks  (Stockliolm)  wrote,  in  reference  to  the 
above  Note,  that — 

(1)  The  influence  of  a  dissolved  foreign  substance,  the  presence  of 
which  must  be  considered  even  in  the  case  of  very  pure  metals,  was 
known  to  be  a  double  one  : 

(a)  At  higher  temperatures  it  lessened  the  cohesion  of  the  metal, 
as  was  evidenced  by  the  fact  that  at  a  temperature  at  which  the 
pure  metal  was  solid  the  impure  metal  might  be  liquid  (freezing  point 
depression  well  known  for  a  long  time).  It  was  natural  to  admit 
also  that  at  temperatures  slightly  below  the  freezing  point  of  the 
impure  metal  the  cohesion  of  that  metal  was  lessened  by  the  added 
substance. 

{h)  At  lower  temperatures  the  cohesion  (hardness,  rigidity),  on 
the  contrary,  was  increased  by  the  added  substance,  as  pointed  out 
by  the  writer  in  1901,"}"  and  especially  as  proved  by  the  excellent 
work  of  Kurnakow.J 

(2)  Further,  it  was  known  that  crystals  or  crystal  grains  had  a  tendency 
to  reject  a  foreign  substance  to  their  boundaries :  this  was  especially 
borne  out  by  the  important  researches  of  Lehmann  on  liquid  crystals. 
As  a  consequence,  the  foreign  substance  had  generally  a  higher  concen- 
tration on  the  boundaries  of  the  crystal  grains  than  in  the  grains 
themselves. 

(3)  Thus  it  was  to  be  concluded  that  at  lower  temperatures  the 
Itouiidaries  had  a  higher  cohesion  than  the  grains,  and,  on  the  contrary, 
at  higher  temperatures  the  grains  had  a  higher  cohesion  than  the 
boundaries. 

(4)  A  natural  consequence  was  this :  stress  would,  at  lower  tempera- 

*  Appeared  in  the  Journal  of  the  Institute  of  Metals,  No.  2, 1914,  vol.  xii.  pp.  234  ct  seq. 
t  /.eitsclirift fur physikalische  Chcmic,  IflOl,  vol.  xxxvi.  p.  521). 
X  Jahrbuch  der  Kadioaktlvitdt  u?id  Elccktronik,  11)14,  vol.  xi.  p.  1. 
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tures,  at  first  act  upon  the  (interior  of  the)  grains  (intragranular  deforma- 
tion) ;  at  higher  temperature,  on  the  contrary,  it  would  cause  deformation 
of  the  crystal  boundaries  (iutergranular  deformation). 

(5)  At  present  it  was  not  possible,  a  priori,  to  determine  in  which 
temperature  range  the  change  between  the  two  modes  of  deformation, 
intragranular  or  iutergranular,  would  take  place.  The  experimental 
work  of  Charpy,  Guillet,  Huntington,  Robin,  Eosenhain,  however, 
appeared  to  him  (Ur.  Benedicks)  to  indicate  that  the  existence  of  such 
a  temperature  range  was  borne  out  by  experiments,  and  that  it  occurred 
at  temperatures  lower  than  might  be  expected,  say  at  about  300°  C. 

(6)  It  was  of  very  much  interest  that  the  new  and  very  careful 
researches,  mechanical  and  micrographic,  given  in  the  Note  of  Professor 
Huntington,  had  put  beyond  any  doubt  that  such  a  temperature  range 
existed,  at  about  300°  ±100°,  and  for  electrolytic  copper  as  Avell  as  for 
ar.senical  copper.  As  might  be  expected,  the  change  was  found  to  lie 
more  marked  for  the  latter  than  for  the  purer  electrolytic  copper,  and 
increased  with  the  arsenic  content. 

(7)  When  Professor  Huntington,  as  the  writer  understood,  interpreted 
those  facts  as  an  instance  of  the  "  Allotropy  type  IV"  of  the  writer — 
which  was  not  necessary  according  to  the  previous  remarks— he  might 
be  supported  by  a  passage  in  the  writer's  first  paper  on  allotropy.* 
In  fact,  Robin  had  shown  that  several  properties  of  iron,  e.g.  sonority, 
had  a  temperature  behaviour  such  as  is  indicated  by  Fig.  1  or  4  in 
Professor  Huntington's  paper,  and  he  put  forward  the  suggestion  that 
iron  might  have  two  different  allotropic  transformations,  at  100-250° 
and  at  400-500°  respectively.  The  writer  then  pointed  out  that  it  was  a 
simplification  to  admit  the  occurrence  of  only  one  transformation  range, 
of  type  IV.,  for  iron  at  those  low  temperatures,  which  would  account 
equally  well  for  the  observed  facts. 

Later  on  the  writer  paid  more  attention  to  this  special  question,  and 
had  analysed  several  items,  which  might  cause  anomalies  or  bendings  in 
property-temperature  curves,  which  anomalies  might,  erroneously,  be  taken 
as  proof  of  allotropy.  Thus,  from  the  later  allotropy  paper  f  the  follow- 
ing point  could  be  cited  :  "  4.  The  measured  property  is  not  a  simple, 
well-defined  property  :  at  lower  temperatures  figures  are  obtained  for 
one  property,  and  at  higher  temperatures  for  another  property,  notwith- 
standing a  constant  method  of  measuring.  Illustration  :  At  a  lower 
temperature  the  strength  of  metals  depends,  generally  speaking,  on  the 
internal  cohesion  of  the  crystal  grains :  on  the  contrary,  at  higher 
temperature  it  depends  on  the  adhesion  between  the  different  crystal 
grains." 

The  foregoing  lines  were  only  a  somewhat  fuller  exposition  of  the 
views  given  in  a  very  condensed  form  in  point  4.  It  would  lead  too  far 
to  go  now  still  more  into  details.      Only  one  remark  was  to  be  added. 

(8)  The  theory  of  the  temperature  influence  which  had  been  outlined 
above  did  not  make  any  particular  assumption  as  to  some  special  cement 

*  Journal  of  the  Iron  arid  Steel  Institute,  No.  II.  1912,  p.  271- 
t  Ibid. ,  No.  I.  1914,  p.  437. 
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or  as  to  the  existence  of  an  amorphous  metal  phase,  Ijeing  only  founded 
on  well  established  and  generally  accepted  facts  concerning  the  influence 
of  impurities.  It  might,  however,  naturally  be  objected  that  the  ex- 
planation given  would  not  hold  true  for  metals  in  the  very  highest  state 
of  purity.  It  might,  however,  be  pointed  out  that  the  behaviour  of 
quite  pure  metal  could  not  be  considered  as  established.  Notwith- 
standing, let  it  be  admitted  that  even  "  superpure  "  metals  would  show  a 
temperature  range  dividing  intragranular  from  intergranular  deforma- 
tion.    The  question  was  how  to  explain  that  hypothetical  fact. 

The  solidification  even  of  such  a  superpure  metal  would  proceed  gradu- 
ally with  increasing  size  of  the  crystallites  until  conqilete  solidification 
occurred.  On  heating  again  the  melting  would  surely  set  in  on  the 
boundaries  of  the  crystal lographically  differently  orientated  spaces,  even 
if  absolutely  no  foreign  element  were  present.  One  might  simply  say, 
that  particles  near  the  surface  of  a  crystal  must  have  a  somewhat  lower 
melting  point  than  the  interior:  of  course,  a  particle  in  the  interior  was 
more  strongly  held  in  the  definite  position  characteristic  of  the  crystal. 
Thus,  at  higher  temjjeratures,  the  boundaries  would  probably  be  weaker 
than  the  interior  of  the  grains.  On  the  other  hand,  it  did  not  seem  im- 
possible to  give  reasons  for  the  boundaries,  even  in  the  case  of  superpure 
metals,  being  at  low  temperature  less  lial)le  to  deformation  than  the 
grains,  but  it  would  go  too  far  following  this  in  detail. 

Summing  up  : — The  different  temperature  behaviour  of  grains  and 
boundaries  due  in  the  first  case  to  impurities,  but  possibly  also  caused  by 
other  circumstances,  would  probably  give  rise  to  anomalous  deformation 
curves,  as  those  published  by  Professor  Huntington,  without  any  necessity 
for  admitting  allotropy. 

Professor  Huntington,  in  reply  to  Professor  Benedicks's  communica- 
tion, wrote  that  "  freezing  point  depression  "  was  only  concerned  with 
the  effects  of  very  minute  quantities  of  impurities.  Except  possibly  at 
temperatures  slightly  below  the  freezing  point  of  impure  metal — a  con- 
dition of  things  not  dealt  with  in  his  note — there  was  no  reason  to 
assume  that  "  the  cohesion  of  the  metal  was  lessened  liy  the  added 
substance,  e.g.  in  the  case  of  the  alloy  of  copper  and  nickel  in  the 
author's  1912  paper,*  or  in  the  alloy  of  copper,  nickel,  and  iron  in  his 
1915  paper. t 

In  (1),  "freezing  point  depression,"  on  rising  temperature  one  was 
dealing  with  minute  quantities  actually  in  solid  solution,  whereas  in 
(2)  these  foreign  substances  referred  to  as  rejected  into  the  boundaries 
of  the  crystal  grains  were  substances  (metals,  eutectics  or  compounds) 
which  had  not  entered  into  solid  solution.  A  component  of  a  solid 
solution  could  not  be  thrown  out  into  the  boundaries.  It  thus  followed 
that  (1)  and  (2)  dealt  with  diff'erent  conditions,  and  that  the  conclusion 
drawn  from  them  in  (3)  was  not  justified  by  the  evidence. 

It  was  unquestionable  that  crystals  were  formed  by  growth  around 

*  Journal  of  the  histitiite  of  Metah,  No.  2,  1912,  vol.  viii.  pp.  135-142. 
t  Ibid. ,  No.  1,  1915,  vol.  xiii.  p.  30. 
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nuclei,  and  in  the  case  of  solid  solutions  doubtless  each  successive  layer 
added  had  a  lov/er  melting  point,  giving  rise  to  a  "  cored "  structure, 
e.<i.  an  alloy  of  copper  and  nickel.  But  on  annealing,  such  a  structure 
was  destroyed  by  diffusion,  and  the  crystal  grains  of  the  solid  solution 
became  perfectly  homogeneous.  There  did  not  appear  to  be  any  neces- 
sity for  assuming  that  in  the  case  of  a  pure  metal  successive  layers  must 
similarly  have  a  lower  melting-point.  It  was  well  known  that  when  a 
pure  metal  solidified,  the  first  layer  deposited  on  the  nucleus  gaAe  up 
heat,  and  that  it  was  only  when  that  had  been  dissipated  that  another 
layer  was  deposited,  and  so  on. 

The  suggestion  that  when  a  metal  melts  the  individual  crystal  grains 
did  not  liquefy  mainly  from  one  direction,  but  all  round  from  their  out- 
sides  to  their  centres,  was  novel,  and  to  the  author  quite  unacceptable. 
It  did  not  appear  probable  that  the  building  up  of  a  mass  of  metal  on 
cooling  and  its  unbuilding  on  heating  was  a  reversible  process. 

In  (7)  Dr.  Benedicks  advocates  the  existence  of  one  transformation 
range  instead  of  two ;  but  the  author,  in  his  reply  to  the  discussion  on 
his  1915  paper,*  pointed  out  that  Dr.  Benedicks  in  his  communication 
adduced  reasons  which  would  lead  to  the  assumption  that  there  existed 
at  least  two  maxima  and  two  minima. 

With  regard  to  the  use  of  the  term  "allotropy,"  the  author  was  in- 
different as  to  what  term  was  used.  In  his  1915  paper  he  avgided  the 
word  allotropy,  and  spoke  of  maxima  and  minima  and  occasionally  of 
"change  of  state"  {('Jianijement  d'etat),  which  seemed  non-committal 
enough.  This  term  was  used  by  Pionchon  in  1886  and  by  Le  Aerrier 
in  1892  to  express  the  irregularities  they  found  in  the  specific  heats  of 
various  metals  at  different  temperatures.  All  the  author  attempted  in 
his  1914  Note,  and  again  in  his  1915  paper,  was  to  call  attention  to  the 
existence  of  the.se  unexplained  curves  obtained  not  only  by  himself  but 
also  by  others  by  different  means,  and  to  invite  work  in  that  direction, 
with  a  view  to  their  explanation.  It  was  research  work  that  was  re- 
quired.    At  present  we  were  trying  to  build  up  theories  on  insufticient 

data. 

*  p.  72. 
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The  following  is  an  Abstract  of  a  paper  read  by  ]\Ir.  F.  C.  A.  H. 
Lantsberry,  ^r.Sc,  at  a  Meeting  of  the  Birmingham  Local  Section  of 
the  Institute  held  on  November  17,  1914  : — 

THE   MECHANICAL   PROPERTIES   OF   METALS. 

In  introducing  the  paper,  the  author  put  in  a  plea  for  the  testing  of 
metals  being  entrusted  to  the  metallurgist  rather  than  leaving  it  solely 
in  the  hands  of  the  engineer.  While  not  belittling  the  importance  of  a 
knowledge  of  the  strength  of  metals  to  a  constructional  engineer,  it  was 
pointed  out  that  it  was  the  metallurgist  who  knew  how  to  vary  the  pro- 
perties of  metals  in  such  a  way  as  to  improve  them  when  they  did  not 
come  up  to  the  specification. 

The  object  of  the  pai)er  was  to  indicate  in  a  general  manner  the  various 
methods  which  have  been  worked  out  for  the  elucidation  of  the  mechanical 
properties  of  metals  and  alloys.  The  machines  and  methods  adopted  in 
testing  in  tension,  torsion,  compression  were  described  briefly  after  the 
terms  found  in  the  literature  of  the  subject  had  been  defined.  It  was 
then  pointed  out  that  in  actual  practice  few  metals  were  subjected  to 
simple  steady  stresses,  so  that  a  large  number  of  tests  had  been  devised 
in  which  endeavours  had  been  made  to  imitate  more  or  less  the  condi- 
tions under  which  a  metal  was  used.  The  various  methods  of  alternating 
stress  and  impact  tests  were  then  described,  and  the  machines  used  in 
making  such  tests  were  described  and  illustrated  by  means  of  lantern 
slides.  The  author  said  that  these  tests  had  principally  been  applied  to 
iron  and  steel,  but  he  saw  no  reason  why  they  should  not  be  applied  to 
non-ferrous  metals  with  equally  good  and  useful  results.  The  various 
types  of  hardness  tests  were  also  dealt  with  in  a  similar  manner. 

The  significance  and  inter-relationship  of  the  results  were  then  dis- 
cussed with  the  aid  of  a  table  which  showed  results  of  the  most  important 
of  the  tests  which  had  been  carried  out  on  non-ferrous  alloys  of  various 
compositions. 

At  a  further  Meeting  of  the  Section,  held  on  January  26,  1915, 
Mr.  T.  J.  Baker,  senior,  read  the  following  paper : — 

BRONZING   PJIOCESSES    SUITABLE   FOR   BRASS 
AND    COPPER. 

The  processes  dealt  with  in  this  paper  are  confined  to  those  which 
depend  upon  chemical  or  electro-chemical  reactions  for  the  production 
of  colour  films. 
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Preliminary  Cleaning. — At  the  outset  it  is  emphasized  that  it  is 
imperative  that  all  work  should  present  a  clean  metallic  surface  to  the 
colouring  solution.  Accordingly  the  work,  after  polishing,  is  immersed 
in  a  scalding  hot  5  per  cent,  solution  of  caustic  potash  in  order  to  remove 
any  grease.  The  cleansing  j)rocess  may  be  accelerated  by  brushing  the 
work  with  a  cotton  or  vegetable  fibre  brush  wetted  with  the  hot  caustic 
solution.  Any  discolouration  or  tarnish  produced  upon  the  work  may 
be  removed  by  a  momentary  immersion  in  a  5  per  cent,  solution  of 
potassium  cyanide. 

Brightening  loith  '■'■  Aclceyr — Some  kinds  of  work,  such  as  military 
ornaments  and  other  similar  stampings,  are  coloured  without  having 
been  polished.  Such  work  is  brightened  by  lieing  dipped  into  an  acid 
mixture  called  "  Ackey "  liy  the  Avorkmen  who  use  it.  The  dipping 
mixture  may  contain  : 

Aquafortis  (unrefined  nitric  acid) 1  volume. 

Water      ..........         2  volumes. 

Brown  oil  of  vitriol  (unrefined  sulphuric  acid)  .         .         .3  volumes. 

This  mixture  is  put  up  in  carboys,  each  of  about  ten  gallons  capacity, 
and  is  sold  by  weight. 

After  "dipping,"  the  work  may  be  further  brightened  by  pressing  it 
against  a  rapidly  rotating  wire  brush  lubricated  with  any  suitable  medium, 
such  as  an  infusion  of  bran  or  a  solution  of  half  an  ounce  of  glue  in  one 
gallon  of  water. 

Methods  of  Deadening. — If  the  work  is  required  to  have  a  mat  or 
dead  finish,  it  must  be  deadened  before  colouring.  Brass  may  be 
deadened  by  a  brief  immersion  in  a  suitably  prepared  aquafortis  dipping- 
mixture  called  "  Deadening,"  while  brass  or  any  other  metal  can  be  mo.st 
effectively  deadened  by  means  of  the  sand  blast.  Another  method  of 
deadening  is  to  embed  the  work  in  sand  contained  in  an  earthenware 
vessel,  and  over  which  "Ackey"  is  poured  in  quantities  sutticieut  to 
cover  the  sand.  After  a  few  minutes  the  work  will  be  found  to  be 
beautifully  deadened.  The  method  of  electrolytic  deadening  may  also 
be  used.  The  work  is  made  the  anode  in  a  small  vat  charged  with 
silver  sand  which  is  covered  with  diluted  sulphuric  acid,  the  cathode 
being  formed  of  two  strijts  of  copper.  The  process,  however,  is  tedious 
and  not  suitable  for  practical  application  in  the  works. 

Parcel-rop'pering. — A  piece  of  brass  work  is  said  to  be  parcel-coppered 
when  a  selected  portion  of  the  surface  is  coated  with  copper  by  electro- 
deposition.  The  operations  are  as  follows: — (1)  Stopping  off;  (2) 
Electro-coppering  ;  (3)  Removal  of  stop. 

(1)  Stopping  off. — Copal  varnish  is  tinted  yellow  or  red  by  grind- 
ing into  it  a  little  lead  chromate.  The  tinted  varnish  is  then 
pencilled  over  a  selected  portion  of  the  work. 

(2)  Eledro-r.oppering. — When  the  varnish  is  dry  the  work  is 
lightly  brushed  all  over  with  soda  lime  to  remove  any  trace  of 
grease.  It  is  then  pas.sed  through  cyanide  dip  to  remove  traces  of 
oxidation  or  tarnish,  and  after  well  rinsing,  it  is  made  the  cathode 
in   an   acid  electro-coppering  bath  in  which  a  current  density  of 
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about  ten  amperes  per  square  foot  of  cathode  .surface  is  maintained 
during,  say,  half  an  hour. 

(3)  Removal  of  stop. — No  copper  is  deposited  on  the  varnished 
portion,  and  the  varnish  is  ipiickly  removed  by  brushing  Avith 
mineral  naphtha.  The  naphtha  together  with  grease  derived  from 
the  varnish  is  removed  by  immersion  in  a  boiling  hot  solution  of 
caustic  potash.  Tarnisli  is  removed  by  cyanide  dip,  and  the  process 
may  be  completed  by  scratch  brushing  only,  or  by  scratch  brushing 
and  polishing. 

This  method  may  be  applied  to  parcelling  in  other  metals. 

8teel  Bi-on::in<i.- — For  this  process  the  following  arsenical  solution  is 
used : 

Arsenious  oxide        .....  20  ounces. 

Copper  sulphate  .  .  .  .  .  10  ,, 
Animoniuni  chloride  .  .  .  .  2  ,, 
Hydrochloric  acid  (common)   .         .         .       ]  <jnllon. 

For  the  ordinary  steel  colour  upon  brass  or  copper  the  Avork  is  im- 
mersed momentarily  in  the  cold  solution,  then  rinsed  and,  if  deemed 
necessary,  scratch  l^rushed.  If  a  dark  steel  colour  is  desired,  the  work 
should  be  immersed  in  boiling  water  and  then,  whilst  hot,  dipped  in  the 
cold  arsenical  solution. 

Brass  coats  itself  with  arsenic  more  rapidly  than  does  copper.  If, 
therefore,  i)arcel-coppered  brass  is  immersed  in  the  solution  the  brass 
immediately  becomes  coated  with  an  opaque  film  of  arsenic.  On  the  other 
hand,  the  film  upon  the  copper  is  so  thin  as  to  be  translucent,  and  there- 
fore the  underlying  copper  considerably  modifies  the  colour  of  the 
arsenical  film.  Hence  two  difterent  colours  may  be  produced  upon  the 
same  piece  of  parcelled  work  by  a  sinq)le  immersion  in  this  so-called 
steel-bronzing  solution. 

The  necessity  for  the  presence  of  the  copper  sulphate  is  shown  by  the 
following  experiments  : 

(«)  In  a  solution  containing  only  hydrochloric  acid  and  arsenious 
oxide,  in  the  proportions  already  given,  a  brass  tray  l>ecame  poorly 
coated  in  Gi^  hours. 

(ft)  In  another  solution  containing  hydrochloric  acid,  arsenious  oxide, 
and  ammonium  chloride,  also  in  the  given  proportions,  a  similar  traj^ 
was  immersed  for  a  nearly  equal  length  of  time  and  received  an  excellent 
coating  of  arsenic. 

(f)  A  third  solution  containing  hydrochloric  acid,  arsenious  oxide,  and 
copper  sulphate,  in  similar  proportions  to  those  given,  yielded  a  good 
coat  of  arsenic  upon  a  brass  tray  immediately  after  immersion. 

Black  upon  Brass  and  Copper  (CuO). — The  work,  whether  brass  or 
copper,  is  dipped  in  the  cold  solution  consisting  of 

Copper  nitr.ite  .         .         .         .         .1  ounce 
Water        ......     3  Hnid  ounces 

and  then  heated  over  a  copper  plate.     The  water  evaporates,  leaving  a 
green  basic  residue.     As  the  temperature  rises  ruddy  fumes  are  evolved, 
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and  the  previously  green  salt  becomes  black.  It  may  be  necessary  to 
repeat  the  process  in  order  to  obtain  a  good  jet  black  colour. 

An  egg-shell  lustre  is  imported  to  the  dull  black  surface  by  pressing  the 
work  against  a  rapidly  rotating  bristle  brush  lightl)'  charged  with  bees- 
wax. .Substances  other  than  metals  may  be  coloured  black  by  this 
method,  provided  that  they  will  withstand  being  raised  to  the  required 
tem}>erature  without  suflfering  injury.  As  an  example,  the  author 
exhibited  a  terracotta  modelled  pla(]ue  which  he  had  coloured  by  this 
method. 

Black  suifahle  only  for  Braa^i. — The  solution  used  is  of  the  following 
composition  : 

Copper  carbonate   .         .         .         .     1  ounce. 
Aninionium  hydrate  .         .     Slight  excess. 

Water      .         .  .  .  .         .20  fluid  ounces. 

The  work  is  immersed  in  the  cold  soluti(ju  and  allowed  to  remain  until 
quite  black.  This  solution  slightly  tarnishes  copper,  but  has  no  action 
whatever  upon  gold,  silver,  or  nickel.  Hence  if  brass  is  parcelled  in 
gold,  silver,  nickel,  or  copper,  the  brass  may  be  coloured  black  by  simple 
immersion,  whilst  the  nobler  metals  will  not  be  affected. 

El f'ctro-depodt ion  of  "■  Black  iXifkel." — A  jet  l)lack  coloiu'  can  be 
obtained  upon  certain  metals  liy  the  electrolysis  of  a  solution  con- 
taining : 

Nickel  aiiinioniiini  sulphate      .         .         .8  ounces. 
.  Potassium  sulphoc3'anide  .  .         .     2      ,, 

Zinc  sulphate    ......     1  ounce. 

Water 1  gallon. 

Nickel  anodes  are  used,  anrl  the  work,  which  may  or  may  not  be  nickel- 
plated  before  colouring,  is  made  the  cathode.  A  current  density  of  about 
0*2  ampere  per  sc[uare  decimetre  of  cathode  surface  is  used.  The 
potential  difference  required  to  be  maintained  between  the  electrodes  will 
vary  with  their  distance  apart,  and  will  probably  range  between  0*7r)  and 
1"5  volt.  Immediately  after  starting  electrolysis  beautiful  iridescent 
colours  succeed  each  other  upon  the  surface  of  the  work,  until  at  length 
the  film  of  "nickel  sulphide"  at  first  translucent  becomes  opaque,  and 
finall}"  jet  Vjlack  in  colour. 

With  regard  to  the  importance  of  the  pre.sence  of  zinc  sidphate  in  the 
solution,  it  was  found  tliat,  when  the  zinc  salt  was  omitted,  no  black 
deposit  could  be  obtained,  however  much  the  strength  of  the  current  was 
varied  ;  but  on  immersing  a  strip  of  zinc  in  the  solution  and  in  contact 
with  the  anodes,  iridescent  colours  at  once  appeared  and  were  followed 
by  a  jet  black  deposit  of  nickel  sulphide,  just  as  though  the  electrolyte  had 
been  of  normal  composition. 

By  weighing  the  cathode  before  and  after  deposition  it  was  found  that 
the  black  coating  weighed  35-5  milligrams  per  scjuare  decimetre  of  nickel- 
plated  .surface,  corresponding  approximately  to  5*1  grains  per  square  foot. 
The  black  deposit  is  called  nickel  sulphide,  but  analysis  showis  that 
besides  nickel  and  suljihur,  cyanogen  and  ammonia  are  also  present. 

Blue  upon  Copper — Bancrofl's  Blue. — This  was  discovered  accidentally 
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by  Bancroft  and  Briggs  *  while  experimenting  on  the  electrolysis  of 
solutions  of  copper  acetate  containing  gelatine.  A  sheet  of  metal  which 
they  had  coppered  in  their  gelatinous  solution  was  inadvertently  left 
immersed  overnight  in  a  solution  of  coi)per  acetate  which  contained  no 
gelatine.  On  removal  from  the  solution  the  sheet  was  found  to  have 
acquired  a  beautiful  blue  colour. 

In  carrying  out  this  process  two  solutions  are  used,  and  are  known 
as  the  electrolyte  and  developer  respectively.  The  electrolyte  may  con- 
tain from  1  to  2  per  cent,  of  copper  acetate  and  0'25  to  0'6G  per  cent, 
of  gelatine.  The  current  density  may  vary  between  0'15  and  0'45 
ampere  per  square  decimetre,  and  the  time  of  electrolysis  between  five 
and  fifteen  minutes.  The  developing  solution  should  contain  5  per  cent, 
of  copper  acetate  but  no  gelatine.  After  deposition  the  work  is  im- 
mersed in  the  developing  solution,  and  allowed  to  remain  until  the  blue 
colour  appeal's.  In  the  cold  solution  the  development  may  occupy 
several  hours,  but  if  the  solution  is  heated  to  a  temperature  between  G0° 
and  80°  0.  the  colour  may  appear  after  a  few  minutes'  immersion. 

Bancroft  believes  that  the  blue  colour  is  produced  l>y  the  absorption 
of  hydrous  copper  oxide  which,  as  a  product  of  hydrolytic  dissociation, 
is  present  in  suspension  in  appreciable  quantity  in  the  developing  solu- 
tion. In  a  repetition  of  Bancroft's  experiment,  in  which  a  current  density 
of  0'2  ampere  was  maintained  during  15  minutes,  the  weight  of  the 
deposit  was  58  milligrams.  After  having  obtained  the  blue  colour  by 
means  of  the  developing  solution,  the  tray  was  reweighed,  and  it  was 
found  that  the  colouring  process  had  resulted  in  a  loss  of  1  milligram. 

Colouring  Reacfimis  of  a  Solution  of  Cojiper  Nitrate. — A  20  to  25  per 
cent,  solution  is  used  hot  to  colour  electrolytic  copper,  ordinary  sheet 
copper,  and  brass.  Electrolytic  copper  assumes  a  terra-cotta  colour, 
varying  in  depth  of  tone  with  the  temperature  and  concentration  of 
the  solution,  and  with  the  time  of  immersion.  Ordinary  sheet  copper 
assumes  a  darker  colour  than  that  produced  upon  the  purer  electrolytic 
copper.  The  colour  produced  upon  brass  m  the  same  solution  and  under 
similar  conrlitions  is  quite  different  from  that  produced  upon  copper. 
The  colour  is  a  difficult  one  to  define,  and  may  vary  in  difi'erent  batches 
of  the  alloy,  from  a  dark  neutral  green  to  a  colour  of  a  peculiar  bronze 
tint.  Slight  variations  in  the  composition  of  the  brass  may  make  it 
impossible  exactly  to  match  the  colour  obtained  upon  work  in  the  first 
batch. 

Since  the  colours  produced  by  this  method  upon  copper  and  brass, 
respectively,  are  so  very  different,  it  is  obvious  that  brass  work  "parcelled" 
in  copper  can  be  parcel-bronzed  in  copper-nitrate  solution. 

The  author  believes  tliat  of  all  the  colour  films  with  which  he  is 
acquainted,  the  two  just  described  are  the  most  permanent,  and  Avhen 
in  juxtaposition,  as  in  "  parcelling,"  are  most  pleasing. 

Florentine. — -Florentine  processes  depend  for  their  colour  upon  the 
formation  of  copper  suli)hide  upon  the  surface  of  the  work.  Hence 
brass  work  must  be  coated  with  co[)per  preparatory  to   the    colouring 

*   Transacticms  of  the  American  Electro-chemical  Society ,  September  11,  1912. 
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process.  Thu  solution  used  for  the  colouring  is  a  2  per  cent,  solution 
of  yellow  ammonium  sulphide,  and  details  were  given  to  obtain  the  fol- 
lowing varieties  of  Florentine  :  (a)  Self  Colour,  (/>)  Florentine,  with 
relief,  {c)  Florentine,  shaded  and  with  black  background.  It  must  be 
noted  that  all  work  coloured  with  sulphides  needs  to  be  lacquered. 

Colours  of  Thin  Films  {Lead  Sulphide). — These  are  best  produced 
upon  polished  metallic  surfaces,  and  need  to  be  lacquered.  The  follow- 
ing are  the  instructions  for  the  preparation  and  use  of  the   colouring 

solutions  : 

(a)  Lead  acetate 50  grains. 

Water  ......       5  fluid  ounces. 

(b)  Sodium  thiosulphate    .         .         .         .50  grains. 
Water         ......       5  fluid  ounces. 

Mix  the  hot  solutions  together,  and  allow  the  precipitate  to  subside. 
Decant  the  clear  solution,  and  use  it  whilst  hot  as  the  colouring  reagent. 
When  highly  polished  and  thoroughly  clean  brass  work  is  immersed 
in  the  hot  solution,  colours  succeed  each  other  in  the  following  order : — 
Gold,  deeper  gold,  crimson,  purple,  blue,  lavender,  and,  finally,  lustrous 
steel. 

When  the  final  stage  is  reached,  the  film  of  lead  sulphide  has  become 
so  thick  as  to  be  opaque,  and  no  light  can  be  transmitted  to  or  from 
its  posterior  surface,  and  the  colours,  due  to  the  interference  of  light,  no 
longer  appear. 

The  colouring  process  can  be  arrested  at  any  moment,  so  that  many 
shades  of  colour  are  obtainable. 

It  appears,  however,  that  only  two  of  them  are  applied  industrially, 
viz.  the  blue  and  lustrous  steel  colours. 


Khaki  Colour  upon  Brass  suitable  for  Militartj  Ornaments. 
(Per  Mr.  Coleman.) 


Boil  the  solution  before  use,  but  use  it  cold.  After  colouring,  immerse 
the  work  in  boiling  water  during  a  few  seconds.  If  the  hot  water  bath 
is  omitted,  the  work  will  blacken  on  exposure  to  daylight.     Lacquer. 

Metallochromes,  Nohilis  Rings. — The  solution  is  made  as  follows : 

Potassium  hydroxide       .         .         .         .     I'o  ounce. 

Litharge 1  ounce. 

Water 20  fluid  ounces. 

lioil  dui-ing  thirty  minutes.  Decant  clear  solution,  and  dilute  with 
water  to  a  volume  of  forty  fluid  ounces.     Use  cold. 

The  work  to  be  coloured  is  made  the  anode,  and  the  free  end  of  the 
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negative  wire,  held  in  the  solution  just  short  of  touching  the  work,  serves 
as  cathode.  The  potential  difference  between  the  terminals  of  the  bath 
may  vary  between  two  and  six  volts. 

Lead  is  deposited  upon  the  wire  cathode,  and  lead  peroxide  upon  the 
work  or  anode. 

The  film  of  peroxide  diminishes  in  thickness  from  the  centre  outwards  ; 
but  is  everywhere  so  thin  as  to  be  permeable  to  light,  which,  being 
reflected  from  the  anterior  and  posterior  surfaces  of  the  film,  produces 
interference  and  gives  birth  to  concentric  rings  of  prismatic  colours. 
The  more  highly  the  work  is  polished,  the  more  brilliant  the  colours  will 
appear. 

Highly  polished  nickel  plated  surfaces  yield  the  best  results. 

Ooloiir  Films  sensitive  to  Light. — In  a  cold  20  per  cent,  solution  of 
copper  chloride,  brass  assumes  a  brown  ochre  colour  and  copper  is  coloured 
"  salmon  red."  On  exposure  to  bright  sunlight,  both  colours  will  blacken 
in  the  course  of  a  few  minutes.  In  diffused  daylight  they  may  blacken 
in  the  course  of  a  few  hours'  exposure.  This  property  can  be  utilized  to 
print  photographs  from  negatives  upon  coloured  copper  plates.  Such 
photographs  might  be  useful  to  engravers  ;  but,  unfortunately,  we  do  not 
know  how  to  "  fix  "  them,  and  therefore  the  artist  would  have  to  work 
by  artificial  light  if  he  wished  to  make  use  of  them. 

Brass  work  after  colouring  may  be  coppered  by  being  gently  heated 
upon  a  hot  copper  plate  or  in  a  gas  oven. 

The  copper  coating  may  be  brightened  by  scratch  brushing. 

Sensitive  colour  films  were  known  sixty  years  ago.  In  1854  Carle- 
mann  observed  that  when  a  copper  plate  was  suspended  over  chlorine 
water  it  underwent  a  series  of  colour  changes,  and  became  sensitive  to 
light.  He  stated  that  certain  other  metals,  e.g.  zinc,  iron,  and  tin, 
behaved  similarly. 

Dr.  Prwosnik  (1859)  found  that  a  copper  plate  slightly  amalgamated 
in  a  dilute  solution  of  mercuric  chloride,  and  then  exposed  to  air,  lost  its 
mercuric  coating,  and  became  sensitive. 

Meldola  (December  3,  1892),  in  answer  to  an  inquiry,  expressed  the 
opinion  that  the  colour-film  is  probably  composed  of  cuprous  chloride  or 
oxychloride,  or  of  a  mixture  of  both  compounds.  He  also  referred  to 
the  work  of  Obernetter,  who  transferred  silver  prints  to  copper  plates 
for  engraving.  Finally,  it  has  been  o])served  that  copper  vessels  cleaned 
with  hydrochloric  acid  blacken  in  sunlight  (1864). 

The  concluding  section  of  the  paper  dealt  with  the  results  of  experi- 
ments made  with  the  object  of  determining — • 

(a)  The  weight  per  unit  area  of  certain  colour  films. 

(h)  The  loss  of  metal  per  unit  area  incurred  in  the  colouring  process. 

The  colour  films  were  readily  soluble  in  a  dilute  solution  of  sulphuric 
acid  or  of  potassium  cyanide,  while  the  underlying  metal  was  not  sen- 
sibly attached  by  either  reagent.  Three  weighings  were  made  in  each 
case,  namely — 

1.  When  the  metal  was  clean  and  dry. 

2.  After  colouring. 

3.  After  stripping. 
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The  difference  between  the  second  and  third  weighings  gives  the 
weight  of  the  colour  film.  The  difference  between  the  first  and  third 
weighings  gives  the  loss  of  metal  incurred  in  the  colouring  process. 


Film. 

Weight  of  Fihu  in 

Milligrams  per  Stjuare 

Decimetre. 

Loss  of  Metal  due  to 

Colouring  Process  in 

Milligrams  per  S(|uare  . 

Decimetre. 

Hlack  film  (CuO)  produced  by 
dipping  in  solution  of  copper 
nitrate    and    heating     upon 
hot  copper  plate. 

99  milligrams 
(mean  of  3  e.vperiments). 

44  milligrams 
(mean  of  4  e.x[)criments). 

Black  film  (CuO)  produced  by 
immersion  in  a  cold  solution 
of    copper-amnionium     car- 
bonate. 

37  milligraiub 
(mean  of  2  e.\periments) 

87  milligr.ims 
(mean  of  o  experiments). 

Film  (Cu-^O)   produced   by  im- 
mersion in  a  hot  solution  of 
copper  nitrate. 

.50  niilligranib 
(mean  of  2  e.\[)eriments). 

i>i)  milligrams 
(mean  of  2  experiments). 

Brown  ochre  film  produced  upon 
brass  by  immersion  in  a  hot 
solution  of  copper  chloride. 

21  "5  milligrams. 

77  milligrams. 

Black  film  (NiS)  produced  by 
the  black  nickelling  process. 

35'5  milligrams. 

It  is  thus  seen  that  the  weights  per  unit  area  of  the  colour  films  dealt 
with  are  surprisingly  small.  Sixty-two  milligrams  per  square  decimetre 
was  the  mean  result  of  eight  determinations,  and  this  corresponds  approxi- 
mately to  nine  grains  per  square  foot. 

It  was  also  noticed  that  brass  trays  coloured  by  either  of  the  first  four 
methods  in  the  table  exhibited  a  coppered  surface  on  being  stripped  with 
dilute  sulphuric  acid,  while  when  stripped  in  a  solution  of  potassium 
cyanide  no  evidence  of  coppering  appeared. 

Finally,  with  reference  to  the  part  played  by  the  copper  sulphate  as 
an  accelerator  in  the  steel  bronzing  process,  it  was  found  that  in  a  solu- 
tion containing  all  four  of  the  reagents,  a  brass  tray  after  five  minutes' 
immersion  acquired  a  good  steel  colour,  and  had  incurred  a  loss  in  weight 
of  48  milligrams. 

In  another  solution  not  containing  copper  sulphate,  but  comprising  the 
other  three  reagents,  a  similar  brass  tray  had  to  be  immersed  during 
nearly  seven  hours  to  acquire  a  good  steel  colour.  The  loss  of  weight 
incurred  was  8  milligrams. 
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THE   INSTITUTE   OF    METALS    MEMBERS 
AND   THE   WAR. 

ROLL   OF    HONOUR. 

KILLED    IN    ACTION. 

Grazebrook,    R.     (Engineer    Commander,    H.M.S.     Cressy).       (See 

p.  308.) 
Guernsey,  The   Right  Hon.   Lord   (Captain,  Irish  Guards).     (See  p. 

261,  Vol.  XII.,  No.  2,  1914.) 
Taylor,  C.  G.  (Engineer  Captain,  H.M.S.  Tiger).     (See  p.  309.) 

ON    ACTIVE    SERVICE. 

Ash,  H.  E.  H.  (Engineer  Commander,  R.N.). 

Avers,  R.  B.  (Engineer  Captain,  R.N.).     (Retired.) 

Bengough,  G.  D.  (Caj)tain,  Royal  Garrison  Artillery). 

Bradley,  B.  (Captain,  9th  Somerset  Light  Infantry). 

Carruthers,  D.  J.  (Engineer  Commander,  R.N.). 

Cartland,  J.  (Second  Lieutenant,  8th  Royal  Warwickshire  Regt.). 

Chambers,  D.  M.  (Captain,  16th  Durham  Light  Infantry). 

CoE,  H.  I.  (Second  Lieutenant,  18th  (Service)  Batt.  Welsh  Regt.). 

Colver-Glauert,  E.  (Lieutenant,  4th  King's  Own  Yorkshire  Light 
Infantry). 

Crosier,  E.  Theo.  (Lance-Corporal,  Middlesex  Regiment). 

Dixon,  R.  B.  (Engineer  Captain,  R.N.). 

Emdin,  a.  R.  (Engineer  Captain,  H.M.S.  Shannon.,  2nd  Cruiser 
Squadron). 

Evans,  U.  R.  (Second  Lieutenant,  5th  East  Surrey  Regiment,  Terri- 
torial Force). 

Gibson,  H.  (Leeds  Batt.  W.  Yorkshire  Regiment). 

Goodwin,  G.  G.,  C.B.  (Engineer  Rear  Admiral). 

Groves,  C.  R.  (Third  W.  Lanes.  Field  Ambulance,  R.A.M.C). 

Ham,  J.  W.  (Engineer  Captain,  R.N.). 

Hamilton,  G.  M.  (Lieutenant,  2nd  London  Brigade,  R.F.A.  (Terri- 
torial Force),  5th  County  of  London  Battery). 

Heath,  W.  S.  (5th  N.  Staffs.  Public  School  Old  Boys'  Brigade). 

Hendry,  V.  W.  (Brigadier-General,  Commanding  157th  Infantry 
Brigade,  52nd  (Lowland)  Division). 
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Heycock,  0.  T.  (Colonel,  1st  Reserve  Bsitt.  Cambridgeshire  Regimeut). 
HuuBUKGH,  L.  H.  (Corporal,  Honourable  Artillery  Company). 

HussEY,  A.  V.  (London  Electrical  Engineers,  R.E.). 
Johnson,    W.    Morton     (Lieutenant,    1st    City     Batt.    Manchester 
Regiment). 

LivERSiDGE,  E.  W.  (Engineer  Commander,  R.N.). 

M'Laukin,  J.  (Engineer  Commander,  R.N.). 

M'WiLLiAM,  A.  (Captain,  Chota  Nagpur  Light  Horse,  Volunteers). 

Main,  R.  (Engineer  Commander,  R.N.). 

Maushall,  F.  W.  (Engineer  Commander,  H.M.S.  Monarch,  2nd  Battle 
Squadron). 

Menzies,  J.  (Colour-Sergeant,  London  Scottish). 

Merrett,  W.  H.  (Captain,  London  Electrical  Engineers,  R.E.). 

MoRCOM,  R.  K.  (Lieutenant,  Engineer  Unit,  Royal  Naval  Division). 

MoRisoN,  R.  B.  (Engineer  Commander,  R.N.). 

Narracott,  R.  W.  (Royal  Engineers). 

Nevill,  R.  W. 

Oram,  Sir  H.  J.,  K.C.B.,  F.R.S.  (Engineer  Vice- Admiral). 

Randall,  C.  R.  J.  (Engineer  Lieutenant  Commander,  Squadron  Cum- 
mander.  Royal  Flying  Corps,  Naval  Wing). 

Read,  A.  A.  (Captain,  Welsh  Regiment,  Territorial  Force). 

Richards,  J.  A.  (Engineer  Commander,  R.N.). 

Rush,  H.  C.  (Engineer  Commander,  R.N.).     (Retired.) 

Sheppakd,  R.  M.  (Second   Lieutenant,   Gth  Reserve  Batt.  S.  Staffs. 
Regiment). 

Sitwell,  N.  S.  H.  (Captain,  Royal  Artillery). 

Stanley,  W.  N.  (Lance-Corporal,  5th  Batt.  Reserve  E.  Surrey  Regi- 
ment). 

Teed,  H.  R.  (Engineer  Captain,  R.N.).     (Retired.) 

Tucker,  P.  A..  (15th  Service  Batt.  Royal  Warwickshire  Regiment). 

Vivian,  Major  O.  R. 

Weir,  J.  G.  (Captain,  Royal  Field  Artillery,  Territorial  Force). 

WiGGiN,  C.  R.  H.  (Captain,  Staffordshire  Yeomanry). 

Wright,  R.  (Lieutenant,  National  Reserve,  E.  Lanes.  Division). 


ENGAGED    IN    EMERGENCY    WORK    EOR    THE 
ADMIRALTY  AND  THE   WAR  OEEICE. 

Arnott,  John  (Chief  Metallurgist,  G.  ct  J.  Weir,  Ltd.,  Glasgow). 
Bloomer,  F.  J.  (Mond  Nickel  Co.,  Ltd.). 

U 
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Bolton,  Edward  J.  (Director,  Thos.  Bolton  &  Sons,  Ltd.). 

BooTE,  E.  M,  (Chief  Chemist,  London  General  Omnibus  Co.,  Ltd.). 

Booth,  C.  Rayner  (James  Booth  <k  Co.,  Ltd.). 

Carnt,  a.  J.  (Engineer  Commander,  R.N.).     (Retired.) 

Dawson,  Sir  A.  Trevor  (Lieutenant  Commander,  R.oyal  Navy,  Emer- 
gency List). 

Ellis,  0.  W.  (Supervisor,  Royal  Laboratory,  Royal  Arsenal,  Woolwich). 

Garland,  H.  (in  charge  of  Egyptian  Government's  Explosives  Labo- 
ratory and  Powder  Magazine,  Cairo). 

Heap,  R.  D.  T.  (Nobel's  Explosives  Co.,  Ltd.). 

Heathcote,  Henry  L.  (Chief  Research  Chemist,  Rudge  Whitworth, 
Ltd.,  Coventry). 

Hughes,  G.  (Chief  Mechanical  Engineer,  Lancashire  and  Yorkshire 
Railway). 

Lantsberry,  F.  C.  A.  H.  (Research  Chemist,  Birmingham  Small 
Arms  Co.,  Ltd.). 

Longmuir,  p.  (Works'  Manager,  Samuel  Fox  ife  Co.,  Ltd.). 

M'Kechnie,  J.  (Director,  Vickers,  Ltd.). 

Mortimer,  J.  E.  (Engineer  Commander,  R.N.).     (Retired.) 

Onyon,  W.  (Engineer  Captain,  R.N.).      (Retired.) 

Philip,  A.  (Admiralty  Chemist,  H.M.  Dockyard,  Portsmouth). 

Pollock,  W.  (James  Pollock  Sons  &,  Co.,  Ltd.). 

Sillince,  W.  P.  (Engineer  Lieutenant  Commander,  R.N.).  (Emer- 
gency List.) 

Stenhouse,  T.  (Deputy  Admiralty  Chemist,  H.M.  Dockyard,  Ports- 
mouth). 

Taylor,  W.  Ivan  (Metalliu'gist,  Kynoch-Arklow,  Ltd.). 

Thomas,  F.  Moreton  (Svxperintendent,  Stores  Dept.,  Port  of  London 
Authority). 

Varley,  J.  W.  (Nobel's  Explosives  Co.,  Ltd.). 

Weeks,  H.  Ji.  (Chief  Chemist  and  Metallurgist,  Vickers,  Ltd.). 

WiSNOM,  W.  M.  (Engineer  Commander,  R.N.).     (Retired.) 

Wood,  W.  H.  (Engineer  Commander,  R.N.).     (Retired.) 

WoRDiNGHAM,  C.  H.  (Superintending  Electrical  Engineer,  The 
Admiralty). 
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OBITUARY. 

Thomas  Abraham  Bayliss,  Treasurer  of  the  Institute  of  ISIetals  and 
Chairman  and  Managing  Director  of  the  King's  Norton  Metal  Com- 
pany, died  suddenly  at  St.  Leonards-on-Sea  on  April  21,  1915.  Mr. 
Bayliss,  who  resided  at  St.  John's,  Warwick,  was  well  known  and  re- 
spected in  the  public  and  commercial  life  of  Birmingham  and  the  neigh- 
bourhood. He  was  the  son  of  Mr.  Thomas  Richard  Bayliss  (who  died 
in  July  last*),  and  in  conjunction  with  his  father  founded  the  firm 
of  King's  Norton  Metal  Company  in  1889,  the  business  being  converted 
into  a  limited  company  shortly  afterwards.  Together  they  perfected  a 
machine  designed  to  improve  the  methods  of  casting,  rolling,  and 
general  working  of  metals  for  ammunition,  and  they  manufactured 
the  first  six-pounder  case  for  the  Nordenfeldt  gun  which  was  adopted 
by  the  British  Government.  The  success  of  the  business  at  King's 
Norton  coincided  with  a  period  of  military  activity,  and  of  late  the 
firm  have  been  busily  employed  in  the  execution  of  orders  for  the 
War  Office.  Moreover,  they  have  also  executed  orders  for  foreign 
governments,  and  under  the  direction  of  Mr.  Bayliss  a  plant  was 
laid  down  for  the  manufacture  of  coinage  in  its  entirety. 

Like  his  father,  Mr.  Bayliss  took  great  interest  in  local  affairs  in 
Birmingham  and  Worcestershire.  For  some  years  he  was  the  repre- 
sentative of  King's  Norton  Ward  on  the  Worcestershire  County  Council 
at  the  time  his  father  was  an  alderman.  When  the  district  of  King's 
Norton  was  absorbed  into  Birmingham  in  1911,  and  the  New  Birming- 
ham Union  formed,  Mr.  Bayliss  became  a  member  of  the  Board  of 
Guardians  for  the  enlarged  city.  He  was  elected  chairman  of  the 
Finance  Committee,  an  important  position  which  he  had  held  ever 
since. 

Mr.  Bayliss  was  also  a  member  of  the  ]Monyhull  Joint  Committee 
from  its  formation,  and  he  was  a  Justice  of  the  Peace  for  Worcestershire 
and  Warwickshire,  and  a  director  of  the  Sharpness  New  Docks  and 
Gloucester  and  Birmingham  Navigation  Company,  while  in  November 
last  he  was  elected  a  member  of  the  Warwick  Town  Council. 

!Mr.  Bayliss  was  elected  Honorary  Treasurer  of  the  Institute  of  Metals 
in  July  1915,  and  had  been  associated  with  the  Institute  since  its 
inception,  acting  first  on  the  Interim  Council  in  1908,  and  thencefor- 
ward on  the  Council  and  on  the  Finance  Committee. 

Robert  John  Caldwell,  D.Sc.,died  at  his  residence,  Rosendale,  Hol- 
land Park,  Belfast,  on  April  4,  1915.  He  was  a  son  of  Mr.  Robert 
Caldwell,  received  his  early  education  at  Aske  Haberdasher's  School, 
Hatcham,  London,  where  he  gained  several  valuable   prizes,  including 

*  See  Obituary  Notice,  Journal  of  the  Institule  of  Metals,  No.  2,  1914,  vol.  xii.  p.  260. 
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the  junior  and  senior  scholarships  of  the  London  County  Council 
and  Clothworkers'  Exhibition.  At  the  examinations  iu  connection 
with  the  London  Chamber  of  Commerce,  whose  curriculum  he  went 
through  with  honours,  he  succeeded  in  carrying  off  the  Princess  Louise's 
prize,  a  much  coveted  trophy.  Having  distinguished  himself  at  the  Cam- 
bridge local  examination,  the  deceased  proceeded  to  the  Central  Technical 
Institute,  where  he  continued  his  studies  with  the  same  xeal,  and  obtained 
the  degrees  of  B.A.  and  D.Sc.  granted  by  the  London  University.  After 
acting  for  two  years  as  instructor  and  lecturer  on  chemistry  at  the  Central 
Technical  Institute,  where  his  services  were  highly  appreciated,  he  was 
appointed  to  a  responsible  position  in  the  branch  concern  of  Messrs. 
Harland  it  Wolff  at  Southampton.  Three  years  later  he  was  promoted 
to  take  charge  of  the  same  firm's  laboratory  at  the  Queen's  Island 
works,  Belfast.  Here  he  gave  evidence  of  outstanding  abilities,  and, 
considering  that  he  was  only  in  his  thirty-second  year  when  death  came, 
he  had  before  him  the  promise  of  a  long  and  successful  career. 

Dr.  Caldwell  became  a  member  of  the  Institute  of  Metals  in  1913. 

Robert  Grazebrook,  Engineer  Commander  in  His  Majesty's  Navy, 
was  born  on  30th  November  1875.  He  served  four  years  as  an  Engineer 
Student  at  Keyham,  and  was  appointed  as  a  Probationary  Assistant 
Engineer  in  H.M.  Navy  in  July  1895.  He  was  appointed  to  H.M.S. 
Royal  Sovereiijn  (Channel  Squadron)  in  August  1895,  and  was  granted 
a  commission  as  Assistant  Engineer  in  July  1896.  He  was  transferred 
to  H.M.S.  J/ar.s',  in  June  1897,  on  that  vessel  commissioning,  remaining 
on  that  ship  until  June  1900.  In  January  1901  he  was  appointed  to 
H.M.S.  Gano'jms  on  the  Mediterranean  Station,  and  promoted  to  Engineer 
whilst  in  that  ship.  His  next  appointment  was  to  H.M.  yacht  Victoria 
and  Albert  in  1902,  and  while  in  that  ship  under  the  new  nomenclature 
he  became  an  Engineer  Lieutenant.  He  remained  in  H.M.  yacht  Victoria 
and  Albert  till  July  1909,  when  he  was  appointed  to  H.M.S.  Tartar,  and 
after  two  years  to  H.M.S.  Eclipse.  In  April  1912  he  was  appointed  to 
H.M.S.  Sappho  (Home  Fleet),  where  he  remained  two  years,  being  pro- 
moted while  in  this  ship  to  Engineer  Commander.  In  May  1914  he 
was  appointed  to  H.M.S.  Cressy,  in  which  ship  he  met  his  death,  the 
Crenel/  being  sunk  by  a  German  submarine  on  22nd  Septem])er  1914. 

Engineer  Commander  Grazebrook  became  a  member  of  the  Institute 
of  Metals  in  1910. 

Joseph  Hallett  died  at  his  residence  on  February  9th.  He  has  left 
behind  him  a  memory  of  things  accomplished  for  the  benefit  of  the 
marine  engineering  community ;  as  largely  due  to  his  exertions  the  new 
building  was  erected  at  Tower  Hill  for  the  Institute  of  Marine  Engineers, 
and  opened  on  January  20th,  and  it  was  fitting  that  he  should  have  lived 
to  take  part  in  the  opening  ceremonial.  He  served  his  apprenticeship 
with  the  London,  Brighton  and  South  Coast  Railwayat  Brighton,  where 
he  had  ex]»erience  of  l)oth  locomotive  and  marine  work.  He  afterwards 
spent  eight  or  nine  years  in  the  service  of  Messrs.  Rennie,  engineers  well 
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known  in  those  years  for  their  good  work,  inclusive  of  naval  construction 
contracts.  When  the  firm  ceased  operations  Mr.  Hallett  received  an 
appointment  as  assistant  to  the  late  Mr.  Archibald  Thomson,  Avell  known 
for  his  patent  shaft  cou}iling,  who  re])resented  several  imfiortant  firms 
in  London.  On  Mr.  Thomson's  death  the  business  he  had  built  up 
was  left  to  Mr.  Hallett  to  carry  on.  He  represented  Messrs.  liow, 
McLachlan  (Paisley),  The  T>eeds  Forge,  The  Darlington  Forge  and 
several  other  firms,  besides  devoting  himself  to  consulting  work.  He 
was  an  original  member  of  the  Institute  of  Metals. 

Charles  Gerald  Taylor,  Engineer  Captain  in  His  Majesty's  Navy, 
lost  his  life  in  the  action  that  took  place  in  the  North  Sea  on  January  24, 
1915,  between  the  British  and  German  fleets.  In  a  report  of  this  action 
Vice-Admiral  Sir  David  Beatty,  K.C.B.,  who  announced  the  death  of 
Engineer  Captain  Taylor,  said  that  his  "services  have  been  invaluable," 
and  he  expressed  the  deep  regret  of  all  cojinected  with  the  Fleet.  This 
feeling  is  shared  not  only  by  Captain  Taylor's  colleagues  in  the  Navy, 
but  by  a  very  large  circle  of  constructive  engineers,  who  recognized  his 
special  engineering  skill  and  resourcefulness,  while  kriowing  also  his 
great  administrative  and  educational  ability  as  displayed  in  connection 
with  the  training  of  officers,  for  which  he  was  at  various  periods  of 
his  career  directly  responsible.  Engineer  Captain  Taylor  was  the  only 
engineer  who  lost  his  life  in  the  engagement.  From  September  1914 
he  accompanied  the  first  Battle-Cruiser  Squadron,  and  was  present  during 
all  its  recent  services  as  engineering  expert  and  adviser  to  Vice-Admiral 
Sir  David  Beatty.  He  was  present  in  this  capacity  on  board  the  Tiijer 
on  January  24th,  when  he  met  his  death  by  gun-fire.  His  loss  to  the 
Service  is  a  great  one,  because  of  his  sound  judgment,  and  the  Avide 
experience  gained  during  the  course  of  his  career. 

Born  on  May  8,  1863,  he  entered  the  Navy  on  July  1,  1885,  serving- 
first  as  an  engineer  student  in  the  Training  School  at  Portsmouth,  and 
at  the  Royal  Naval  College,  Greenwich.  He  was  granted  a  commission 
as  assistant-engineer,  with  seniority,  July  1,  1886.  He  received  an 
appointment  to  H.M.S.  Carysfhrt^  employed  on  particular  service,  in 
May  1887,  and  remained  in  that  ship  on  her  being  recommissioned 
for  the  Mediterranean  Station.  He  was  invalided  home  in  JNlay  1890, 
suffering  from  malarial  fever,  and  was  not  found  fit  for  active  service 
until  the  end  of  September  in  that  year.  On  October  30,  1890,  he 
received  an  appointiuent  to  H.M.S.  Gossamer,  where  he  continued  until 
January  1891,  when  he  went  to  H.M.S.  Iriipeneuse,  on  the  China 
Station.  He  had  previously  been  promoted  to  engineer  with  seniority, 
September  1,  1890.  He  remained  on  the  China  Station  over  three  years, 
returning  to  England  in  June  1894.  Commendation  was  expressed  for 
the  satisfactory  state  of  the  machinery  of  H.M.S.  Iw.perieuse  on  paying 
off.  His  next  appointment  was  to  H.M.S.  St.  Geor<je  in  June  1894, 
where  he  was  for  three  months,  l)eing  then  transferred  to  H.M.S.  Banshee. 
A  year  later  (September  1895)  he  was  appointed  to  H.M.S.  Quail.  He 
remained  in  that  ship  on  her  transfer  to  the  North  America  and  West 
Indies  Station. 
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In  February  1898  he  received  an  appointment  to  H.M.S.  Renown, 
additional  for  service  in  Halifax  Dockyard,  where  he  did  useful  service 
for  five  years.  While  holding  this  position  he  was  appointed  Chief 
Engineer,  on  December  30,  1900.  He  returned  to  England  in  March 
1903.  Under  the  new  nomenclature  as  regards  engineer  officers  he 
became  an  Engineer  Lieutenant,  with  seniority,  September  1,  1890,  and 
was  appointed  in  this  rank  to  H.M.S.  Aurora  in  April  1903.  In  August 
1904  he  was  transferred  to  H.M.S.  Racer  for  duty  at  the  Royal  Naval 
College  at  Osborne.  While  holding  this  office  he  received,  as  a  Member 
of  the  Committee  on  the  Extension  of  the  Training  of  Officers'  New 
Scheme,  an  expression  of  their  Lordships'  cordial  recognition  of  the 
energy  and  capacity  displayed  by  the  Committee.  He  was  promoted  to 
Engineer  Commander,  with  seniority,  December  30,  1904. 

In  September  1907  he  went  to  sea  again  in  H.M.S.  Cumherland 
(cadets'  training-ship),  and  in  the  following  April  was  appointed  to 
H.M.S.  Espii'ijle,  additional  for  service  at  the  Royal  Naval  College,  Dart- 
mouth, where  he  continued  for  nearly  three  years.  His  work  in  the 
elaboration  of,  and  in  carrying  out  in  all  its  stages,  the  engineering 
instruction  of  young  officers  entered  under  the  new  scheme,  received 
commendation  of  the  Lords  of  the  Admiralty. 

On  February  10,  1911,  he  was  appointed  a  member  of  the  4th  Class 
of  the  Royal  Victorian  Order. 

In  March  1911  he  received  an  appointment  to  H.M.S.  Sujyerh,  in  the 
Home  Fleet,  where  he  remained  until  promoted  to  Engineer  Captain 
(with  seniority,  February  7,  1912).  On  promotion  he  was  retained  at 
the  Admiralty  for  duties  in  connection  with  the  new  scheme  of  training 
officers  for  the  Royal  Navy. 

In  October  1912  he  was  appointed  to  H.M.S.  Hercules,  additional  for 
service  on  the  staff  of  the  Vice-Admiral  commanding  the  second  Battle 
Squadron,  and  in  the  following  August  proceeded  to  the  Royal  Naval 
College,  Keyham,  as  Engineer  Captain  in  Command,  on  the  College  being 
reopened  for  the  training  of  officers  specializing  for  engineering  under 
the  new  scheme.  He  remained  in  this  appointment  till  September  1914, 
when  he  joined  the  staff  of  the  Vice-Admiral  Commanding  the  first 
Battle-Cruiser  Squadron . 

Engineer  Captain  Taylor  was  in  his  early  years  a  great  athlete,  and 
in  all  his  earlier  appointments  a  valuable  leader  in  athletic  exercises,  a 
fact  which  gi-eatly  assisted  him  in  the  work  of  training  officers  for  the 
Service.  He  was  a  fine  cricketer  and  an  International  Rugby  football 
player,  })laying  three-quarter  back  for  Wales  on  many  occasions.  He 
was  also  a  great  pole-jumper,  excelling  in  this  all  competitors  in  Army 
and  Navy  circles.  He  was  a  popular  and  highly  efficient  naval  officer, 
whose  loss  will  be  much  felt.  He  will  be  chiefly  remembered  in  the 
Royal  Navy  for  the  part  he  took  in  connection  with  the  engineering 
training  of  officers  entered  under  the  scheme,  originated  in  1903,  for 
supi)lying  one  class  of  officers  for  the  Navy,  which  has  recently  been 
accentuated  by  embodying  the  engineer  officers  (separately  entered  under 
the  old  system)  in  the  Military  Branch. 

He  was  elected  a  member  of  the  Institute  of  Metals  in  1913. 
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I.— PROPERTIES  OF  METALS. 
Alkali  Metals,  Volume  Changes  of. — The  thermal  expansions  of 

sodium,  potassium,  and  lithium  have  been  measitred  by  A.  Bernini  and 
C.  Cantoni,*  using  dilatometers  filled  with  vaseline  oil.  The  numbers  a 
and  /3  represent  the  coefficients  of  t  and  f-  respectively. 


Metal. 

Tempera- 
ture 

a 

ft 

Increase  of 
Volume 

Melting 
Point. 

Interval. 

on  Fusion. 

Sodium — 

C. 

Per  Cent.   { 

C. 

Solid      . 

0-78° 

0-0.1816 

00fi280 

}     2-03 

97-6° 

Liquid   . 

100-235° 

0-0;,259'.) 

0-06286 

Potassium — 

Solid      . 

0-.56° 

00.,2112 

0-0,;15n 

I      0-44 

62  04^ 

Liquid   . 

78-23.5" 

0-0;,26SI 

0  •(1^210 

)       "^^ 

Lithium — 

j         Solid 

0-178° 

0  0..1535 

00;92 

\      1-51        1 

^                     1 

180-r 

1         Liquid   . 

182-235° 

0  0;,1743 

0 -06106 

— C.  H.  D. 

Allotropy  of  Common  Metals. — The  investigations  on  allotropy 
have  now  Ijeen  extended  to  lead  l)y  E.  Cohen  and  W.  D.  Heldermann.f 
The  density  of  lead  shavings,  ir330,  was  not  found  to  be  altered  l)y  melt- 
ing and  chilling  in  carbon  dioxide  and  alcohol.     However,  small  Idocks  of 

*  II  N novo  Cimento,  1914  [vi.],  vol.  viii.  sect.  2,  p.  241. 

t  Proceedings  of  the  Royal  Academy  of  Sciences,  Amsterdam,  1914,  vol.  xvii.  p.  822. 
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lead  were  immersed  in  a  solution  of  lead  acetate  and  nitric  acid,  and  in 
a  few  days  contraction  took  jdace,  producing  cracks,  whilst  after  three 
weeks  the  metal  was  completely  disintegrated.  Filings  of  the  metal  kept 
in  this  solution  at  15°  increased  in  density,  but  decreased  if  kept  at  5(1°  C. 
At  25°  C.  the  value  was  almost  unaltered.  Another  specimen  of  filings, 
tested  in  a  dilatometer,  gave  an  increase  of  density  at  50°  C,  but  a 
decrease  at  74-4°  C.  From  this  it  is  concluded  that  more  than  two 
allotropic  modifications  are  simultaneously  present.  In  confirmation  of 
the  existence  of  allotropy,  it  is  stated  that  jture  lead,  placed  in  a  neutral 
solution  of  lead  nitrate,  causes  the  formation  of  a  lead  tree,  either  at 
atmos})heric  temperature  or  at  50°,  the  metastable  modification  going 
into  solution  and  the  stable  being  deposited.  In  the  same  way,  when 
white  and  grey  tin  are  placed  iji  a  solution  of  stannous  chloride,  crystals 
of  white  tin  are  deposited. 

The  same  authors  have  continued  their  studies  of  cadmium.*  By 
using  electrolytic  cells  with  solutions  of  cadmiiim  sulphate  in  contact 
with  one  or  other  modification  of  cadmium  and  with  cadmium  amalgam, 
it  is  calculated  that  the  conversion  of  1  gramme-atom  of  a-cadmium  into 
y-cadmium  at  18°  C.  is  accompanied  by  an  absorption  of  739  calories. 
The  metastable  transition  point  is  determined  to  be  94'8°  C. 

Results  obtained  with  sodium  by  Griffiths  have  been  used  for  a  discus- 
sion of  the  specific  heats  of  allotropic  modifications  by  E.  Cohen  and  G. 
de  Bruin. t  The  specific  heat  of  sodium  depends  on  its  previous  thermal 
history,  rapidly  quenched  metal  giving  a  higher  value  uj)  to  75°  C, 
whilst  the  reverse  is  the  case  between  that  temperature  and  the  melting- 
point.     Sodium  is  therefore  regarded  as  a  metastable  system. 

The  properties  of  potassium  are  reviewed  in  the  same  way  by  E.  Cohen 
and  S.  WolflT.  J  Using  data  formerly  obtained  by  Hagen,  it  is  shown 
that  dilatometric  observations  indicate  a  transformation,  which  becomes 
rapid  al)Ove  53°  C— C.  H.  D. 

Aluminium,  Tests  on  Cast  Metal. — Tallies  and  charts  resulting 
from  the  testing  of  cast  aluminium  (m  a  White-)Souther  rotary  testing 
machine  are  given  by  A.  Elmendorf.^  In  the  testing  machine,  which  is 
-  illustrated,  the  load  is  applied  at  the  ends  of  the  test-[)iece,  which  is 
revolved  by  a  pulley  at  the  centre,  at  a  speed  of  1300  revolutions  per 
minute.  The  strength  of  cast  aluminium  thus  tested  under  reversals  of 
bending  load  is  given  by  the  expression 

5  =  48,000  R"-!!" 

in  which  S  =  stress  and  E.  =  number  of  reversals  for  rui>ture. 

The  stresses  and  numbers  of  reversals  for  rupture,  together  with  other 
data  of  eleven  tests,  are  tabulated. 

Other  tests  were  made  to  determine  the  static  strength  and  modulus 
of  elasticity  of  cast  aluminium. 

*  Proceediyigs  of  the  Royal  Academy  of  Sciences,  Amsterdam,  l'.)14,  vol.  xvii.  p.  1050. 
t  Il'id.,y.  920.  J  I  hid.,  p.  1115. 

§  American  Machinist,  1914,  vol.  .xli.  p.  811. 
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The  ultimate  static  strength  of  the  cast  aluminium  test-pieces  averaged 
15,150  lb.  per  square  inch  for  tension,  and  67,450  lb.  per  square  inch 
for  compression ;  no  marked  variation  in  the  tension  test  results  followed 
from  a  ditierence  in  diameter  of  the  test-piece.  The  test  specimens 
showed  no  indication  of  a  yield  point,  nor  limit  of  proportionality  of 
stress  to  strain,  although  the  curve  is  not  far  from  being  a  straight  line 
for  light  loads. 

The  value  of  the  modulus  of  elasticity,  using  a  Ewing  extensometer, 
varied  with  the  load  applied,  ranging  between  3,000,000  and  10,000,000 
lb.  per  square  inch,  and  was  found  to  be  the  same  for  tension  and  for 
compression. 

Static  bending  tests  were  also  made  on  two  cast  aluminium  cantilever 
beams,  mounted  in  the  White-Souther  endurance-testing  machine,  load- 
deflection  curves  being  plotted  and  the  modulus  being  calculated  by  means 
of  the  formula  for  the  deflection  of  a  cantilever  beam. — F.  J. 

Behaviour  of  Metals  under  Stress. — In  an  abstract  of  a  paper 

before  the  Manchester  Association  of  Engineers,  by  F.  C.  A.  H.  Lants- 
berry,*  it  is  stated  that  there  is  a  common  erroneous  belief  that  metals 
become  crystalline  in  use  when  subjected  to  alternating  or  impact  stresses. 
Material  fractured  by  such  means  often  shows  a  coarsely  crystalline  frac- 
ture, but  this  structure  was  originally  present  in  the  metal.  Microscopic 
examination  of  metals  under  stress  shows  that  no  change  in  structural 
appearance  occurs  until  the  yield  i)oint  is  passed.  At  the  elastic  limit, 
slip  Ijegins  to  take  place  in  certain  crystals,  leading  to  the  formation  of 
"slip  bands,"  first  observed  under  the  microscope  by  Ewing  and  Rosen - 
hain  in  1899.  At  a  somewhat  higher  value  of  the  stress,  slij)  takes 
place  in  the  whole  of  the  grains,  this  constituting  the  "yield  point."  In 
all  normal  materials  fracture  always  passes  through  the  grains  and  not 
through  their  boundaries.  Cold  work  increases  the  strength  and  decreases 
ductility.  The  following  results  wore  obtairuid  as  the  result  of  rolling  and 
cold-drawing  an  alloy  containing  copper  89,  aluminium  10,  manganese  1 
per  cent.  : 


Elastic 

Limit. 

Tons  per 

Sq.  Inch. 

Yield  Point. 
Tons  per 
Sq.  Inch. 

Ultimate       ,,, 
Strencjth.       t.lo"gafon 
TonsVr         P^'Cent. 
Sq.  Inch.      °"  2  Inches. 

Elastic 
Modulus. 
Pounds. 

Metal  as  cast 
Rolled 
Cold  drawn 

Per  Cent. 

"s-i 

12-3 

Per  Cent. 
100 
230 
42-0 

Per  Cent. 

3!) -9                 2.fi-0 
42-8                 22-5 
50-2                 10-0 

13fixl0fi 
13-5x106 

The  surprising  feature  is  that,  although  the  elastic  limit  was  raised  50 
per  cent.,  the  modulus  remained  unaffected.  F)y  repeatedly  api)lyiiig  and 
removing  a  stress  slightly  exceeding  the  yield  point,  and  allowing  the 

*  Engineer,  January  \\)VS,  vol.  c.\ix.  p.  (58. 
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material  to  rest  between  each  application,  or,  better  still,  boiling  it  in 
water  for  some  time,  the  observed  yield  point  can  be  artificially  raised 
to  a  value  little  below  the  ultimate  strength.  These  phenomena  are  on 
an  exact  parallel  with  the  increase  of  mechanical  strength  produced  by 
cold-working.  Each  application  of  the  stress  beyond  the  elastic  limit 
causes  slip  along  gliding  planes  parallel  to  crystallographic  axes.  By 
repeating  the  operations  of  slipping,  therefore,  and  allowing  the  metal  to 
•  recover,  it  is  caused  to  break  down  into  smaller  crystals,  which  accounts 
for  the  gradual  increase  of  strength.  Another  explanation  is  provided 
by  the  amorphous  theory.  A  material  has  two  elastic  limits,  ojie  in 
tension  and  one  in  compression,  which  in  jjcrfectly  annealed  metal  are 
equal.  Artificial  raising  of  the  elastic  limit  in  tension  by  tensile  over- 
strain and  recovery  causes  a  lowering  of  the  elastic  limit  in  compression. 
Alternating  stress  tests  have  shown  that  the  range  of  stress  in  which  a 
metal  remains  truly  elastic  is  constant,  and  there  is  evidence  that  such 
tests,  slowly  and  continuously  applied,  remove  the  eflfects  of  overstrain  or 
cold  work,  and  bring  the  elastic  limit  down  to  its  true  or  primitive  value. 
Straining  a  metal  alters  the  whole  of  its  physical  properties.  Goerens 
has  demonstrated  that  the  most  severe  cold  work  in  the  form  of  wire- 
drawing applied  to  iron  produced  the  following  changes  in  properties, 
expressed  as  percentages  of  the  values  for  perfectly  annealed  material : 

Per  Cent. 

Solubility  in  sulphuric  acid        ....  .503'0 

Magnetic  hysteresis  .      ' 222-0 

Klastic  limit 21.')-0 

Tensile  strength 15!)'0 

Briiiell  hardness (t2-0 

Modulus  of  elasticity         .....         0"0 

Klectrical  resistance  .....         2'0 

Specific  gravity  ......         O'l 

Magnetic  permeability      .....         0'05 

Elongation        .......         0*73 

Reduction  of  area     ......         0'83 

Low  temperature  annealing  is  known  to  wire-drawers  as  "patenting." 
According  to  the  amorphous  theory,  for  which  evidence  is  accumulating, 
the  mechanical  disturbances  on  the  surfaces  of  slip  caused  by  strain  pro- 
duce on  these  surfaces  amorphous  metal,  to  the  inherent  properties  of 
which  the  altered  properties  of  the  metal  as  a  whole  are  due.  Lowering 
of  the  elastic  limit  in  com[)ression,  consequent  upon  tensile  overstrain, 
could  be  explained  by  supposing  tliat  the  envelope  of  amorphous  material 
iound  each  crystal  grain  was  stretched,  and,  by  acting  as  a  spring,  assisted 
any  force  applied  in  the  opposite  direction. — S.  L.  A. 

Copper  and  Aluminium  Electrical  Conductors'  Calculations. 

— The  confusion  arising  from  the  use  of  various  measurement  standards, 
most  of  which  arc  cumbrous  and  antiquated,  is  discussed  l)y  an  anony- 
mous writer.* 

As  a  temporary  expedient  for  adaptation  to  the  present  conditions 
simple  figures  relating  to  conductors  have  been  accumulated,  being  based 
on  the  following  : 

*  The  Electrical  Review,  1914,  vol.  Ixxv.  p.  831. 
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For  Copper. 

For  Aluminium. 

1  square  inch  section  weighs  . 

I 

1            „ 

1  stjuare  mm.       ,,            ,, 

11-5625  lbs.  per  yard 
12-6447  lbs.  per  metre 
20,350  lbs.  per  mile 
31 '54  lbs.  per  mile 

3  "48  lbs.  per  yard 
3-805  lbs.  per  metre 
6,125  lbs.  per  mile 
9 "49  lbs.  per  mile 

To  obtain  weight  per  yard,  metre,  or  mile  for  any  section  of  wire  or 
strip,  the  area  in  square  inches  or  square  millimetres  is  multiplied  by 
one  of  these  constants,  e.r/. 

Area  in  square  inches  x  3'48  =  weight  per  yard  of  aluminium. 

These  figures  prove  useful  in  orderinfif  quantities  of  material,  and  serve 
as  a  check  upon  it  when  delivered,  for  if  the  weight  of  a  yard  of  material 
differ  from  the  calculated  weight,  the  section  is  smaller  or  larger  in  gauge 
than  it  should  be.  Constants  are  given  for  finding  the  weights  of  round 
wire  in  copjjcr  and  aluminium,  single  and  strands,  and  also  for  finding 
the  size  of  wires  in  any  given  strand. — F.  J. 

Combustion  on  Gold  and  Silver  Surfaces.— The  results  of  an 

investigation  by  H.  Hartley  *  on  the  "  Electrical  Condition  of  Gold  and 
Silver  Surfaces  during  the  Absorption  of  Ga,ses  and  their  Catalytic 
Combustion,"  \  are  summarized  in  the  following  conclusions : 

(1)  A  gold  surface  acquires  a  negative  charge  during  the  catalytic 
combustion  of  gases  in  contact  with  it. 

(2)  Tins  electrical  effect  is  probably  antecedent  to  the  actual  com- 
bustion, and  is  primarily  due  to  "  occlusion  "  phenomena. 

(3)  The  occlusion  of  hydrogen  or  carbon  monoxide  results  in  the 
metal  receiving  a  negative  charge,  that  of  oxygen  resulting  in  the  receii)t 
of  a  positive  charge. 

(4)  Such  electrical  effects  are  i)robal)ly  due  to  the  outflow  of  occluded 
gases,  which,  if  checked,  results  in  a  diminution,  or  convensely,  if 
increased,  an  increase  in  inteiisity  of  the  charge. 

(5)  Such  changes  are  probably  due  to  the  fact  that  a  change  in  either 
tenqjerature  or  jiressure  is  accompanied  by  a  change  in  the  dynamic 
equilibrium  between  ingoing  and  outgoing  gas  at  the  surface  system, 
which  change  lags  behind  the  exciting  cause. — F.  J. 

Copper,  Structure  of  Electrolytic— According  to  a  series  of 
experiments  by  A.  Sieverts  and  W.  Wippelmann,J  copjier  deposited 
electrolytically  from  an  acid  solution  of  the  sulphate  in  the  absence  of 
colloids  is  conq)letely  crystalline.  A  very  finely  cry,stalline  layer  is  first 
formed,  which  does  not  adhere  to  the  iron  cathode.  Upon  this  V-shaped 
crystallites  grow  into  the  solution,  approximately  perpendicularly  to  the 
cathode  surface.  As  the  current  density  increases,  the  size  of  these 
crystallites  at  first  diminishes,  but  after  a  certain  limit  is  passed,  de- 

*  Industrial  and  Eyigineeririg  Chemistry,  1914,  vol.  vi.  p.  694. 

f  S&e.  aXso  Journal  of  Gas  Lighting  and  Water,  1914,  Supplement  126,  pp.  879  ff. 

X  Zeitschrift fiir  anorganische  Chemie,  1915,  vol.  .\ci.  p.  1. 
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pending  on  the  experimental  conditions,  the  crystallites  increase  in  size, 
at;  the  same  time  becoming  less  regular,  with  increasing  current  density. 
At  very  high  densities  the  deposits  become  very  irregular  and  porous. 
All  factors  which  favour  a  rapid  equalization  of  difierences  of  concen- 
tration near  the  cathode  allow  higher  current  densities  to  be  used  without 
causing  irregularity.  Uniform  deposits  are  also  favoured,  in  a  way  not 
completely  understood,  by  higher  concentration  of  sulphuric  acid  and, 
to  a  less  extent,  by  increase  of  viscosity  by  addition  of  glycerine  or 
inorganic  salts.  Neutral  solutions  of  copper  sulphate  give  brittle  de- 
posits, in  which  cuprous  oxide  is  retained  between  relatively  small 
copper  crystallites. 

Small  additions  of  colloids  render  the  deposit  brittle,  without  greatly 
altering  the  microstructure.  Larger  additions  produce  a  laminated 
structure,  with  diminution  of  the  size  of  crystals.  Layers  which  appear 
dark  on  etching  with  nitric  acid  contain  colloid,  which  is  shown  to  be 
present  by  quantitative  experiments.  The  deposition  potential  is  changed 
by  the  ^jreseuce  of  colloids.  The  diminution  of  crystal  size  is  due  to 
adsorption  of  colloid  at  the  bounding  surfaces,  but  the  formation  of 
layers  is  attributed  to  cataphoresis. 

The  deposits  from  alkaline  solutions  of  complex  copi)er  salts  adhere 
tirmly  to  the  cathode,  and  are  apparently  structureless.  Here  colloidal 
copper  compounds  appear  to  play  a  part. 

Sclerometric  determinations  of  the  hardness  show  that  the  hardness 
of  the  surface  immediately  in  contact  with  the  cathode  is  a  maximum, 
and  is  independent  of  the  conditions.  This  is  in  accordance  with  its 
fine-grained  structure.  Other  fine-grained  copper  is  equally  hard,  but 
coarse-grained  deposits  are  appreciably  softer. — C.  H.  D. 

Examination  of  Metals  by  X-rays. — At  the  works  of  the  General 

Electric  Co.  of  America,  s(jme  recent  experiments  with  the  Coolidge  tube 
have  indicated  that  X-rays  may  be  employed  with  considerable  success 
for  the  examination  of  metals.*  With  a  sufficiently  powerful  tube,  internal 
defects,  such  as  blowholes,  can  be  detected  in  castings  of  considerable 
thickness. 

A  steel  casting,  2|  inches  thick  and  weighing  abaut  1  ton,  showed, 
during  machining,  indications  of  being  faulty.  Radiographs  taken  at 
a  part  where  the  thickness  was  about  y",.;  inch,  and  at  several  other  places, 
showed,  with  one  exception,  markings  strongly  suggesting  the  presence 
of  cavities  in  the  interior  of  the  casting.  Circular  portions  1  inch  in 
diameter  were  therefore  punched  out  at  points  thus  indicated,  with  the 
result  that  blowholes  were  at  once  revealed  in  section. 

Poro.sity  in  copper,  and  its  removal  by  the  use  of  boron  suboxide,  are 
evidenced  by  the  same  means.  Stereoscopic  radiographs  can  be  used  to 
determine  depth  of  penetration  of  defects. 

Radiographs  of  steel  and  copper  are  shown,  and  drawings  of  the 
apparatus  and  an  account  of  its  uses  are  given. — S.  L.  A. 

*  Engineer,  April  1915,  vol.  cxix.  p.  35U. 
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Fracturing  by  Bursting. — Ch.  de  Frcminville*  investigates  frac- 
tures occurring  in  metals  by  means  of  observations  on  fractured  glass 
and  bitumen.     He  enunciates  the  following  Laws  : 

Laxo  1.  The  origin  of  all  breakages  is  a  burst  {edatment)  taking  place 
in  the  interior  of  the  body,  and  only  developing  itself  by  a  succession  of 
bursts,  which  are  general  in  the  case  of  sudden  fracture,  and  localized  in 
the  case  of  progressive  fracture. 

Law  2.  The  first  burst — the  origin  of  all  rupture — takes  place  in  a 
region  where  the  principal  stress  is  positive,  but  not  necessarily  at  the 
point  where  that  stress  reaches  its  maximum  value.  Other  things  being 
equal,  the  stress  normal  to  the  principal  stress  determines  the  "  danger 
of  rupture." — J.  L.  H. 

Lead,  Corrosion  of. — Very  careful  experiments  have  been  made  by 
B.  Lambert  and  H.  E.  Uullis,t  using  lead  globules  which  have  been 
prepared  by  distillation  in  silica  tul)es  in  a  vacuum.  Only  the  middle 
fraction  of  the  distillate  is  used,  and  the  brilliant  beads  thus  obtained 
resemble  silver  or  mercury,  without  any  trace  of  blue  colour.  Such 
beads  tarnish  if  exposed  to  air  after  cooling,  but  if  kept  in  the  vacuum 
for  several  months,  exposure  to  air  does  not  produce  any  appreciable  loss 
of  lustre  in  several  days.  If  brought  into  contact  with  pure  water, 
distilled  in  a  vacuum,  and  then  with  pure  oxygen,  corrosion  sets  in 
rapidly,  and  within  a  few  hours  white  lead  hydroxide  and  a  brown  oxide 
are  abundantly  formed,  changing  in  time  into  the  stable  litharge.  On 
the  other  hand,  if  water  alone  be  brought  into  contact  with  the  lead, 
without  oxygen,  and  the  vessel  sealed  off  and  allowed  to  remain  for 
twelve  months,  then,  on  admitting  oxygen,  corrosion  takes  place  very 
slowly,  no  visible  tarnishing  being  seen  until  after  a  week,  whilst  even 
after  more  than  six  months  the  film  is  thin  enough  to  show  interference 
colours.  Chemical  tests  fail  to  indicate  any  appreciable  solubility  of 
lead  in  pure  water  free  from  oxygen. 

It  is  considered  that  the  freshly  distilled  lead  is  composed  of  different 
allotropic  modifications,  electrolytic  action  between  which  favours  cor- 
rosion, but  that  the  metal  in  course  of  time  tends  towards  a  stable 
condition,  in  which  the  electrolytic  differences  disappear. — C.  H.  D. 

LedUC  Effect. — The  Leduc  effect  in  metals  (rotation  of  the  isothermal 
lines  by  a  magnetic  field)  has  l)een  examined  by  Alpheus  W.  Smith  and 
Alva  W.  Smith.  J  In  the  magnetic  metals  and  the  alloy  nichrome  the  trans- 
verse difference  of  temperature  produced  is  proportional  to  the  intensity 
of  magnetization  in  the  plate,  and  not  to  the  intensity  of  the  magnetic 
field.     The  relation  is  similar  to  those  of  the  Nernst  and  Hall  eftects. 

The  coefficient  for  antimony  is  independent  of  the  strength  of  the 
magnetic  field.  In  alloys  of  antimony  with  bismuth  the  coefficient 
falls  with  increasing   percentage  of  antimony,  changing  sign  at  about 

*  Nevue  de  MHallitrgie,  1914,  vol.  ii.  No.  D,  p.  !)71. 

t   Transactions  of  the  Chemical  Society ,  1!)15,  vol.  cvii.  [).  210. 

:J:  Physical  Review,  11)15  [ii.],  vol.  v.  p.  35. 
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70  per  cent,  of  antimony.  In  alloys  of  antimony  and  zinc  the  coefficient 
falls  very  rapidly  with  small  additions  of  zinc,  and  then  changes  very 
slowly,  passing  through  an  ill-defined  minimum. — C.  H.  D. 

Metallic  "  Fog "  in  Fused  Salts. — The  phenomenon  of  metallic 
"fog"  in  fused  salts,  originally  observed  by  Lorenz  in  1899,  has  been 
further  studied  by  R.  Lorenz  and  W.  Eitel.*  Pure,  optically  clear, 
fused  lead  chloride  is  obtained  by  fusing  the  best  commercial  lead 
chloride  in  a  hard  glass  vessel,  and  passing  a  current  of  dry  chlorine 
and  hydrogen  chloride  through  it.  Such  material  yields  perfect,  opti- 
cally clear  and  colourless  crystals  on  solidification.  The  "  fog "  is 
obtained  by  adding  small  pieces  of  metallic  lead  to  the  fused  salt. 
Smooth,  transparent,  but  dark-coloured  crystals  are  now  obtained  on 
solidification.  Ultramicroscopical  examination  shows  them  to  have  a 
structure  like  that  of  gold  ruby  glass.  Sometimes  the  metallic  particles 
are  collected  in  directions  parallel  with  certain  planes  of  the  crystal. 
Chemical  reduction  with  potassium  cyanide  yields  .an  exactly  similar 
"  fog."  On  passing  a  current  of  chlorine  and  hydrogen  chloride,  the 
mass  again  becomes  optically  clear,  and  the  changes  may  be  repeated 
at  will. 

Silver  chloride  and  bromide  may  be  obtained  similarly  in  optically 
clear  crystals,  which  are,  however,  imperfect  or  skeletal,  and  show  great 
plasticity.  "Fog"  is  obtained  on  the  addition  of  metallic  silver,  and 
presents  a  similar  ultramicroscopic  appearance  to  lead.  During  the 
passage  of  an  intense  beam  of  light  through  the  clear  silver  halides,  the 
colour  darkens  through  violet  to  black,  but  without  the  production  of 
any  ultramicroscopic  particles. 

Thallous  chloride  and  bromide  have  not  been  obtained  quite  optically 
clear.  They  closely  resemble  the  silver  salts.  The  thallium  "  fog  "  is 
quite  similar  to  that  produced  by  lead  and  silver. — C.  H.  D. 

Metallic  State,  Theory  of. — A  paper  by  F.  A.  Lindemannf 
discusses  developments  of  the  electron  theory.  The  fx'ee  electrons  in  a 
metal  are  often  treated  as  a  perfect  gas,  but  this  is  not  legitimate,  as 
a  gas  only  conducts  heat  well  if  its  heat  capacity  is  large,  but  the 
electrons  conduct  heat  well,  whilst  their  heat  capacity  is  too  small 
to  be  measured.  If  a  large  free  path  be  assumed  to  compensate  for 
their  small  number,  conclusions  in  conflict  with  the  optical  properties 
are  arrived  at.  It  is  now  suggested  that  the  electrons  form  a  space- 
lattice,  which,  on  account  of  the  small  mass  of  the  electrons  and  their 
high  frequency,  corresponds  with  a  crystal  at  a  very  low  temperature. 
This  conce^jtion  is  worked  out  in  some  detail,  although  the  full  mathe- 
matical treatment  may  be  expected  to  be  difficult. — C  H.  D. 

Metals  at  Low  Temperatures. — Further  experiments  in  this 
direction  have  been  made  by  H.  Kamerlingh  Onnes  and  G.  Hoist.  {     A 

*  Zeitschriftfiir  anorganische  Ckeinie,  1915,  vol.  xci.  pp.  46,  57. 

t  Philosophical  Magazine,  1915  [vi.],  vol.  xxix.  p.  127. 

X  Proceedings  of  the  Royal  Academy  of  Sciences,  Amsterdam,  1914,  vol.  xvii.  p.  760. 


320  Abstracts  of  Papers 

discontinuity  in  the  electrical  resistance  of  mercury  was  fornierly  ob- 
served at  4'  19°  (Abs.).  It  is  now  found  that  the  specific  heat  does  not  show 
any  discontinuity.  The  thermal  conductivity  also  varies  continuously, 
becoming  greater  as  the  temperature  decreases,  being  about  five  times 
as  great  at  the  temperature  of  liquid  helium  as  at  the  ordinary  tempera- 
ture. 

Many  experiments  have  also  been  made  with  thermocouples,  none  of 
which  are  quite  satisfactory  at  low  tenq:)eratures.  The  change  of  resis- 
tance of  constantan  or  manganin  is  suitable  for  such  measurements, 
the  resistance  of  these  alloys  decreasing  with  low  temperatures. 

It  has  also  been  found  by  W.  H.  Keesom  and  H.  Kamerlingh  Onnes  * 
that  the  atomic  heat  of  lead  falls  with  decreasing  temperature,  but 
not  exactly  in  accordance  with  theory.  The  deviations  may  be  due 
either  to  the  presence  of  two  modifications  in  the  lead  used,  or  to  a 
variation  of  the  elastic  properties  with  temperature.  On  the  other 
hand,  the  atomic  heat  of  copper  follows  the  theory  within  the  range  from 
15°  to  22°  (Abs.). 

Constantan  wires  were  used  for  heatiiig,  and  tenqteratures  were 
measured  by  the  change  in  resistance  of  a  gold  wire. — C.  H.  D. 

Nickel,    Variation    of   Elasticity    with    Temperature- — In 

experiments  by  E.  P.  Hariison,!  a  length  of  20  centimetres  of  the 
nickel  wire  was  heated  electrically,  its  temperature  being  determined 
from  its  resistance.  A  spring  in  compression  was  used  for  stretching 
the  wire,  ball-bearings  being  used  instead  of  sliding  surfaces.  A  load- 
elongation  curve  was  then  plotted  at  each  temperature,  and  Young's 
modulus  then  calculated. 

The  relation  between  Young's  modulus  and  the  temperature  is  expressed 
for  nickel  by  an  empirical  parabolic  formula  up  to  300°,  Init  between 
365°  and  425°  an  anomalous  change  occurs,  the  curve  passing  through 
a  shallow  minimum,  and  falling  rapidly  soon  after.  This  is  the  same 
range  of  tenq)erature  within  which  discontinuities  occur  in  the  magnetic, 
thermo-electric,  electrical  resistance,  and  dilatometric  measurements. 
The  elastic  after-effect  increases  with  the  temperature.  The  elastic 
tenq)erature-coefficient  is  constant  within  the  range  of  loads  employed. 
A  formula  has  been  determined,  giving  the  difierence  at  any  temperature 
between  the  expansion  due  to  heat  when  the  wire  is  free  and  when  it  is 
subjected  to  a  given  load. — C  H.  D. 

Plastic  Bending. — Experiments  by  F.  L.  Hopwood  {  deal  with  the 
bending  of  wires  of  lead,  tin,  and  cadmium,  one  end  being  fixed  in  a 
horizontal  clamp,  and  the  wire  being  released  at  a  given  time.  The 
wires  were  then  photographed  at  intervals.  If  the  fixed  end  be  taken 
as  origin,  the  equation  to  the  curve  assumed  by  the  wires  is  of  the  form 
x  =  aij". — C.  H.  D. 

""  Proceedings  of  the  Royal  Academy  of  Sciences,  Amstenlam,  1914,  vol.  xvii.  p.  894. 
t  Proceedings  of  the  Physical  Society ,  1915,  vol.  xxvii.  p.  S. 
X  Philosophical  Magazine,  1915  [vi.j,  vol.  xxix.  p.  184. 
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Silver,    Removal    of  Sulphur   from. — Experiments  by  C.  C. 

Bissett  *  show  that  sulphur  cannot  be  removed  from  silver  by  fusion 
with  copper.  The  two  sulphides  form  an  unbroken  series  of  solid  solu- 
tions, and  the  equilibrium  is  not  affected  by  the  presence  of  an  excess 
of  either  or  both  of  the  metals.  When  silver  containing  sulphide  is 
melted  with  copper,  a  part  of  the  copper  alloys  with  the  silver  and  the 
remainder  displaces  silver,  forming  cuprous  sulphide.  The  solubility 
of  silver  sulphide  in  the  liquid  state  is  lessened  by  copper. 

Silver  sulphide  and  ferrous  sulphide  form  a  simple  eutectiferous 
series,  and  iron,  when  added  in  slight  excess  to  mixtures  containing 
silver  sulphide,  removes  the  sulphur  completely  as  ferrous  sulphide, 
which  is  insoluble  in  the  molten  metal.  Iron  may  therefore  be  used 
for  the  desulphurization. 

Sulphur  is  only  slowly  removed  from  silver  by  blowing  air  through  the 
molten  alloy  at  1000°.     A  rapid  stream  of  air  causes  violent  spitting. 

C.  H.  D. 

Tin,  Artificial  Twinning  in. — It  is  shown  by  P.  Gaubert  -j-  that 

tin,  when  melted  in  a  thin  layer  between  two  plates  of  polished  glass, 
forms  crystals  which  may  have  an  area  of  several  square  centimetres 
when  the  cooling  is  sufficiently  slow.  Puncture  with  a  needle  pro- 
duces, on  the  reverse  side,  a  cross  in  relief,  and  several  systems  of 
parallel  twins,  0'5  millimetre  wide.  Certain  bands  intersect  at  an 
angle  of  about  87°,  and  these  form  a  close  network  like  that  of  micro- 
cline.  Two  systems  intersecting  at  71°  are  also  seen,  whilst  in  some 
areas  three  systems  are  present,  intersecting  at  45°,  71°  and  64°. 

The  corrosion  figures  obtained  by  the  action  of  cold  hydrochloric 
acid  are  either  rectangular  or  triangular  on  the  original  surface,  but 
always  triangular  on  the  twinned  crystals. 

Bending  or  twisting  also  produces  twins.  The  "  cry  "  of  tin  is  due 
to  this  formation.  Lead  does  not  become  twinned  when  punctured. 
— C.  H.  D. 

X-Rays  and  Crystals. — The  papers  by  W.  H.  Bragg  and  W.  L. 
Bragg  \  on  the  internal  structure  of  crystals,  are  collected  and  trans- 
lated from  previous  publications  in  the  Proceedings  of  the  Royal  and 
Cambridge  Philosophical  Societies. — C.  II.  D. 

Zinc,  AUotropy  of. — The  supposed  allotropic  changes  of  zinc 
have  been  examined  by  C.  Benedicks  and  R.  Arpi.§  Various  ob- 
servers, including  Benedicks  himself,  have  observed  discontinuities  in 
the  change  of  electrical  resistance  of  zinc  with  temperature,  indicat- 
ing allotropic  changes  at  about  350°  and  170°.  In  the  new  experi- 
ments, accurate  methods  of  measurement  have  been  employed,  and  a 
different  method  of  plotting  has  been  used.     As  discontinuities  are 

*  Transactions  of  the  Chemical  Society,  1914,  vol.  cv.  p.  2829. 
t  Comptes  Rendus,  1914,  vol.  clix.  p.  680. 
%  Zeitschrift  fiir  anorganische  Ckemie,  1914,  vol.  xc.  p.  153. 
§  Ibid. ,  vol.  Ixxxviii.  p.  237. 
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not  readily  seen  on  plotting  resistance,  W,  against  temperature  t,  the 
ordinates  chosen  are  W  -  kt,  where  k  is  a  constant.  Kahlbaum's  pure 
zinc  gives  a  quite  continuous  ciu-ve,  without  breaks.  By  alloying  with 
lead  and  cadmium  it  is  found  that  the  discontinuities  previously  ob- 
served are  due  to  the  presence  of  these  metals,  especially  cadmium, 
which  is  usually  present  in  samples  of  zinc.  The  upper  and  lower 
arrests,  at  350°  and  170°,  are  due  to  the  crossing  of  the  curves  of  com- 
position of  the  saturated  solid  solutions,  whilst  the  arrest  at  270°,  not 
previously  recorded,  is  attributed  to  the  presence  of  eutectic  in  the 
non-homogeneous  alloy. 

The   resistance   of   pure    zinc    is   completely   represented   by   the 
equation 

W-b-'^b  (H-0-0039i'+0-0000017f2) 

where  W  is  expressed  in  microhms  per  cubic  centimetre. — C.  H.  D. 


II.— PROPERTIES  OF  ALLOYS. 

Alloys,  Properties  of. — R.  R.  Clarke  *  discusses  the  general  and 
specific  properties  of  non-ferrous  metals,  and  their  behaviour  in  alloys. 
Rather  novel  views  are  expressed  concerning  the  general  types  into 
which  alloys  may  be  classed,  the  author's  reasoning  being  apparently  not 
based  on  a  knowledge  of  metallography.  The  individual  properties  of 
copper,  tin,  antimony,  zinc,  nickel,  aluminium,  magnesium,  and  man- 
ganese are  discussed,  the  three  last  named,  together  with  phosphorus  and 
silicon,  being  specially  considered  from  the  point  of  view  of  their  deoxi- 
dizing properties.  The  article  concludes  with  a  number  of  general 
suggestions  concerning  the  production  of  alloys. — F.  J. 

Aluminmm-Gold. — These  alloys  are  being  studied  in  detail  by 
C.  T.  Heycock  and  F.  H.  Neville,  f  and  a  first  instalment  of  their  re- 
sults has  now  been  published.  The  alloys  investigated  are  those  contain- 
ing less  than  5  per  cent,  by  weight  (28  atomic  per  cent.)  of  aluminium, 
and  the  system  is  a  complex  one.  The  liquidus  curve  was  very  exactly 
determined  by  the  authors  in  1899,  in  a  well-known  memoir.  The 
solidus  slopes  downwards  from  the  freezing-point  of  gold  to  a  point  at 
13  atomic  per  cent,  of  aluminium  (in  the  author's  notation  Al  13)  and 
543°  C.  There  is  then  a  horizontal  branch,  and  a  sloj^ing  branch  from 
18*8  to  21 '5  per  cent.,  where  the  eutectic  line  is  reached  at  525°.  This 
eutectic  horizontal  has  been  traced  as  far  as  the  composition  AlgAug, 
which  appears  to  be  a  definite  compound,  not  forming  solid  solutions 
with  an  excess  of  gold. 

The  a  solid  solution  contains  13  atomic  per  cent,  of  aluminium  at 
543°,  and  probably  rather  more  at  lower  temperatures.  It  has  a  normal, 
homogeneous,  microstructure.     The  /?  soUd  solution  has  a  limited  range 

*  T/ie  Foundry,  1914,  vol.  xliii.  p.  491. 

t  Philosophical  Transactions  of  the  Royal  Society ,  1914,  vol.  ccxiv.A,  p.  267. 
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of  existence,  narrowing  do^Yn  until  a  eutectoid  point  is  reached  at  Al  19 
and  424°.  The  ji  constituent  is  thus  only  obtained  in  quenched  speci- 
mens, and  usually  shows  a  striated  structure  on  etching.  The  relations 
between  a.,  /3,  and  the  constituent  S  (probably  AlgAug)  are  very  similar 
to  those  in  the  corresponding  tin-copper  series. 

The  cooling  curves  of  alloys  in  the  neighbourhood  of  Al  20  show  a 
remarkable  recalescence,  beginning  below  400°  and  involving  a  rise  of 
temperature  of  as  much  as  70°.  It  does  not  usually  occur  until  after 
the  eutectoid  has  been  formed.  Heating  curves  suggest  that  the  true 
temperature  of  the  recalescence  reaction  is  520°.  It  is  a  reaction  between 
the  two  substances  a  and  5  which  make  up  the  eutectoid  complex, 
resulting  in  the  formation  of  a  new  constituent  y,  probably  the  com- 
pound AlAu^. 

The  ^  alloys  do  not  usually  recalesce  spontaneously  above  410°,  but 
may  be  made  to  do  so  at  any  temperature  up  to  515°  by  touching  with 
a  cold  steel  wire.  With  Al  20  the  rise  of  temperature  thus  produced 
may  be  sufficient  to  melt  a  part  of  the  alloy.  The  constituent  y  cannot 
exist  much  above  525°,  but  the  complete  equilibrium  diagram  in  this 
region  will  require  prolonged  annealing  experiments  for  its  determination. 

The  alloys  were  prepared,  each  in  quantity  of  several  hundred 
grammes,  by  melting  the  metals  together  in  an  evacuated  silica  tube. 
Aqua  regia  is  used  for  etching,  the  a  constituent  always  remaining 
bright,  /?  and  y  both  dark,  whilst  D  is  dark  in  presence  of  a,  but  bright 
in  presence  of  /i  or  y. — C.  H.  D. 

Amalgams,  Constitution  of.— A  method  of  studying  the  constitu- 
tion of  alkali  amalgams  is  described  and  discussed  by  G.  MThail  Smith.* 
It  consists  in  observing  the  reversible  displacement  of  alkali  metals  from 
their  aqueous  salt  solutions  by  amalgams.  Thus,  when  a  solution  of 
sodium  chloride  acts  on  potassium  amalgam,  partial  replacement  takes 
place,  and  an  equilibrium  is  reached.  It  is  found  that  the  solution- 
pressures  of  the  free  alkali  metals,  which  decrease  in  the  order  caesium, 
rubidium,  potassium,  sodium,  lithium,  are  reversed  in  the  case  of  the 
amalgams,  the  order  then  being  lithium,  potassium,  rubidium,  caesium, 
sodium.  So  also,  the  normal  order  of  the  alkaline  earth  metals,  barium 
strontium,  calcium,  becomes  calcium,  strontium,  barium  in  the  amalgams. 
This  result  is  held  to  confirm  the  conclusion,  already  arrived  at  by  other 
methods,  that  the  alkali  and  alkali-earth  metals  are  present  in  their 
liquid  amalgams  in  the  form  principally  of  undissociated  compounds,  the 
molecule  of  which  in  each  case  contains  one  atom  of  the  metal  united 
with  several  atoms  of  mercury. 

Ebullioscopic  experiments  with  mercury,  by  E.  Beckmann  and  O. 
Liesche,!  show  that  mercury  may  be  made  to  boil  steadily  without 
variation  of  temperature  by  stirring  rapidly  with  a  perforated  iron 
stirrer.  The  thermometer  used  must  be  of  massive  construction,  on 
account  of  vibration. 

*  Journal  of  the  American  Chemical  Society,  1914,  vol.  xxxvii.  p.  76. 
+  Zeitschrift fur  anorganische  Chemie,  1914,  vol.  Ixxxix.  p.  171. 
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The  ebullioscopic  constant  of  mercury  is  114"0.  The  metals  of  the 
alkalies  and  alkaline  earths  and  thallium  give  high  figures,  increasing 
with  the  concentration,  and  indicating  the  presence  of  compounds.  In 
three  cases  the  deviations  are  sufficient  to  determine  the  formulae : 
NaHgj  or  NaHg,.,  KHgj^  or  KHgj^,  and  CaHg,^.  On  the  other  hand, 
cadmium,  zinc,  silver,  and  gold  dissolve  quite  normally,  and  lead,  tin, 
and  bismuth  show  a  slight  tendency  to  association.— 0.  H.  D. 

Amalgams,  Vapour-pressure  of. — Measurements  by  E.  p.  East- 
man and  J.  H.  Hildebrand  *  show  that  for  an  amalgam  containing  1*27 
per  cent,  of  silver,  Kaoult's  law  is  obeyed  within  the  limits  of  error. 
Gold  shows  deviations  which  call  for  the  assumption  of  a  rather  complex 
gold  molecule.  Bismuth  amalgams  also  give  higher  vapour  pressures 
than  are  indicated  by  Raoult's  law,  and  indicate  association  or  combina- 
tion with  mercury,  but  other  methods  are  required  for  the  purpose  of 
decision. — C.  H.  D. 

Binary  Alloys,  Molecular  Structure  of.— On  the  basis  of  the 

theory  of  probability,  G.  Tammann  f  calculates  the  protective  effect  of 
one  kind  of  molecule  on  another  in  homogeneous  binary  mixtures  exposed 
to  chemical  action.  As  a  test  of  the  conclusions,  glasses  composed  of 
varying  proportions  of  silica  and  boron  trioxide  were  boiled  with  water 
and  also  with  a  solution  of  hydrogen  chloride  in  methyl  alcohol,  and  the 
residues  analysed.  The  conclusion  is  reached  that  the  ratio  of  the  mole- 
cular weights  of  the  two  oxides  in  glasses  is  that  represented  by  their 
formulae. 

In  crystalline  solid  solutions,  two  kinds  of  deviation  from  uniformity 
are  possible — zonal  heterogeneity,  as  in  cored  crystals,  and  atomic  hetero- 
geneity, or  departure  from  uniform  distribution  of  the  two  kinds  of 
atoms  in  the  space-lattice.  The  latter  probably  disappears  more  slowly 
on  annealing  than  the  former.  The  final  arrangement  must  give  the 
maximum  possible  regularity  of  distribution.  The  theory  is  tested  by 
the  parting  with  nitric  acid  of  alloys  of  gold  with  silver  and  copper.  A 
cubical  space-lattice  is  assumed,  and  it  is  further  assumed  that  the  acid 
attacks  the  silver  atoms  of  the  surface  very  rapidly,  but  those  in  the 
direction  of  the  diagonal  of  the  lattice  much  more  slowly.  Many  tables 
are  given  to  show  the  rate  of  solution  of  silver  from  alloys  of  difi"erent 
composition,  other  conditions  remaining  the  same.  The  results  do  not 
greatly  deviate  from  the  theoretical.  Hard-rolled  aUoys  are  more  readily 
attacked  than  annealed  alloys.  It  may  be  pointed  out  that  the  space- 
lattice  assumed  is  not  that  found  for  copper  by  Bragg. — C.  H.  D. 

Brass  and  Bronze  Failures. — It  is  stated  %  that  there  were  used 
in  the  Catskill  aqueduct  some  3,000,000  lb.  of  brass  and  bronze  castings 
as  well  as  a  large  quantity  of  brass  forgings.     Castings  range  from  a 

*  Journal  of  the  American  Chemical  Society ,  1914,  vol.  xxxvi.  p.  2020. 
t  Zeitschrtft  fiir  anorganische  Chemie,  1914,  vol.  xc.  p.  297. 
X  American  Machinist,  1915,  vol.  xli.  p.  1121. 


The  Properties  of  Metals  and  Alloys 


325 


fraction  of  a  pound  to  22,000  lb.  each ;  forgings  from  small  bolts  to 
sluice-gate  stems,  6  inches  diameter,  31  feet  in  length,  and  3200  lb.  in 
weight. 

Manganese  brass  constitutes  a  very  large  proportion  of  the  total,  with 
"naval  brass"  in  relatively  large  amounts  and  various  common  brasses 
in  smaller  quantities. 

The  following  were  the  specifications  : 


Minimum  Tensile 

Strength, 
Tons  per  Sq.  In. 

Minimum  Elastic 

Limit, 
Tons  per  Sq.  In. 

Minimum  Elonga- 
tion, per  Cent. 

Brass  rivet  rod  . 
Manganese  bronze    . 

24-5 
290 

13-4 
13* 

20 
25 

The  following  failures  have  been  reported  :  brass  bolts  have  been 
found  cracked  and  broken  after  storage  through  a  winter,  never  having 
been  subjected  to  stresses  in  service ;  others  behaved  similarly  even 
though  never  exposed  to  low  temperatures. 

Flat  bars,  rolled  plates,  and  rods  supporting  only  their  own  weight 
have  cracked  after  the  lapse  of  several  months. 

Cracks  have  appeared  in  |^-inch  plates  riveted  together  and  also  in  the 
rivets.  Heads  of  upset  bolts  have  come  off  whilst  hundreds  of  bolts 
have  broken  under  tension. 

No  brand  or  make  of  brass  has  wholly  escaped ;  only  castings  and 
large  forgings  have  been  exempt. 

•  Various  questions  are  raised  as  to  the  possibility  of  producing  a  re- 
liable brass  or  bronze,  as  to  the  form  of  specification,  inspection  methods, 
and  tests  before  delivery,  and  for  determining  incipient  failure  after 
manufacture,  also  as  to  working  stresses  applicable  and  influence  of 
constantly  repeated  stresses. — F.  J. 


Brasses,  Properties  of  «  and  a  /?. — Leon  Guillet  f  has  investi- 
gated the  properties  of  brasses  containing  from  56  per  cent,  to  100 
per  cent,  of  copper,  and  finds  that  in  worked  alloys  the  "  work-hardness  " 
given  by  rolling  or  drawing  is  greater,  coeterihus  paribus,  the  more  ductile 
the  alloy  and  the  lower  its  elastic  limit.  He  also  states  that  the  methods 
of  rolling  (hot  or  cold  rolling)  have  a  considerable  influence  on  the  pro- 
perties of  the  rolled  materials,  but  that  the  differences  are  removed  by 
annealing.  Furthermore,  quenching  produces  an  appreciable  increase  in 
hardness.  The  fact  that  these  conclusions  are  based  on  perfectly  pure 
alloys,  and  are  not  therefore  necessarily  applicable  in  their  entirety  to 
the  alloys  of  commerce,  is  carefully  emphasized. 

*  May  not  be  less  than  45  per  cent,  of  ultimate  tensile  strength, 
t  Revue  de  Mdtallurgie,  1914,  vol.  xi.  No.  10,  p.  1094. 
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Referring  to  the  subject  of  season  cracking  in  stamped  brass,  Guillet 
finds  that  it  may  be  attributed  to 

1.  Physical  defects  in  the  original  sheet. 

2.  Internal  tensions. 

3.  Contagion  effects. 

4.  Constitution  of  the  alloys. 

It  is  stated,  with  regard  to  No.  4,  that  alloys  between  63  per  cent,  and  72 
per  cent,  of  copper,  i.e.  alloys  containing  a  small  amount  of  ^,  are  liable 
to  season  cracking  owing  to  yS  breaking  up  into  a  and  y,  the  time  required 
for  this  transformation  explaining  the  time  taken  for  the  defect  to 
manifest  itself,  and  on  these  grounds  it  is  stated  that  all  stamped  objects 
should  be  made  of  an  alloy  containing  at  least  72  per  cent  of  copper. — 
J.  L.  H. 

Carbides  at  High  Temperatures. — Full  details  of  the  work  on 

alloys  of  manganese,  iron,  nickel,  and  cobalt  at  very  high  temperatures 
are  now  published  by  O.  Ruff,  W.  Bormann,  and  F.  Keilig.*  The 
carbon  electric  furnaces  are  described  in  detail. 

Manganese  is  found  to  boil  at  1510"  C.  under  30  millimetres  pressure, 
and  at  about  1525°  C.  under  the  same  pressure  when  saturated  with 
carbon,  the  vapour  then  appearing  to  contain  about  1*94  per  cent,  of 
carbon.  The  curve  of  solubility  of  graphite  in  manganese  rises  steeply. 
The  formation  of  a  higher  carbide  than  MugC  is  suspected. 

Nickel  boils  at  2340°  C.  under  30  millimetres  pressure,  or  at  2490°  C. 
when  saturated  with  6'3  per  cent,  of  carbon,  the  vapour  not  containing 
more  than  0-28  per  cent,  of  carbon.  The  saturated  solid  solution  of 
carbide  in  nickel  does  not  contain  more  than  0'28  per  cent,  of  carbon  at 
the  eutectic  point,  1311°  C. 

The  iron  diagram  has  been  previously  published. 

Pure  cobalt  boils  at  about  2375°  C.  under  30  millimetres  pressure,  or 
at  about  2415°  when  saturated  with  8  per  cent,  of  carbon,  the  vapour 
containing  2  per  cent,  of  carbon.  The  solid  solution  of  carbide  in  cobalt 
contains  1  per  cent,  of  carbon  at  the  eutectic  temperature,  1300®  C, 
the  quantity  diminishing  as  the  alloys  cool. — C.  H.  D. 

Cerium-Magnesium  Alloys.  —This  system,  which  has  been  ex- 
amined by  R.  Vogel,t  proves  to  be  a  very  complex  one.  The  metals 
may  be  melted  together  in  graphite  tubes,  stirring  thoroughly  with  a 
stirrer  of  iron  wire.  It  is  usually  necessary  to  melt  more  than  once  to 
obtain  a  homogeneous  mixture,  as  the  two  metals  not  only  differ  greatly 
in  specific  gravity,  but  react  very  slowly.  The  alloys  are  stable  in  air, 
and  their  structure  is  best  developed  by  heat-tinting,  except  those  richest 
in  magnesium,  which  are  etched  by  immersion  in  boiling  water. 

The  freezing-point  curve  shows  two  distinct  maxima,  corresponding 
with  the  compounds  CeMg  and  CeMgg,  melting  at  738°  C.  and  780°  C. 
respectively.  There  is  also  a  compound  CeMgg,  indicated  by  a  break  in 
the  curve  at  622°  C. 

*  Zeitschrift  fiir  anorganische  Chemie,  1914,  vol.  Ixxxviii.  p.  365. 
t  Ibid.,  1915,  vol.  xci.  p.  277. 
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There  is  also  a  reaction  in  the  alloys  rich  in  cerium,  which  is  inter- 
preted as  being  due  to  a  compound  Ce^Mg,  melting  at  632°  C,  and 
giving  only  a  very  short  branch  of  the  curve  between  two  eutectic  points. 
At  500°  this  compound  breaks  up  into  cerium  and  CeMg.  This  assump- 
tion accounts  satisfactorily  for  the  microstructures  observed. 

The  compound  CeMg  forms  solid  solutions  with  an  excess  of  mag- 
nesium, the  crystals  of  which  are  conspicuously  striated  on  etching,  whilst 
CeMgg  forms  sharp  crystals  of  approximately  cubical  shape.  When 
crystallizing  from  alloys  richer  in  magnesium,  however,  they  are  rounded 
in  form.     Free  magnesium  gives  dendritic  forms. 

The  compound  CeMg  is  formed  with  considerable  contraction,  and  has 
the  hardness  5.  When  rapidly  filed  it  is  strikingly  pyrophoric,  and  burns 
explosively  if  strongly  heated,  particles  of  O'l  gramme  exploding  with  a 
loud  report.  At  the  ordinary  temperature  the  compound  is  hardly 
tarnished  in  air,  and  is  more  resistant  to  acids  than  cerium.  CeMgg  has 
hardness  4,  and  is  not  pyrophoric.  It  is  very  stable  towards  reagents. 
The  last  compound,  CeMgg,  gradually  breaks  up  into  separate  crystal 
grains  in  course  of  time,  apparently  owing  to  a  polymorphic  change.  It 
is  very  resistant  towards  acids,  and  burns  quietly  in  a  flame  like  mag- 
nesium.— C.  H.  D. 

Copper- Gold-Silver-Nickel  Alloys. — This  quaternary  system  has 
been  investigated  by  N.  Parravano.  *  The  system  includes  a  region  of 
partial  miscibility  in  the  liquid  state,  owing  to  the  presence  of  such  a 
region  in  the  binary  series  of  silver-nickel.  The  curve  of  univariant 
equilibrium,  starting  from  the  eutectic  of  gold  and  nickel  at  950°,  reaches 
nearly  to  the  silver  angle  of  the  ternary  system,  reaching  the  silver-nickel 
eutectic  point  at  961°.  This  curve  passes  through  a  maximum  at  about 
1000°.  In  the  copper-silver-gold  system  the  single  eutectic  line  falls  to 
about  800°. 

The  quaternary  system  has  been  studied-  by  a  series  of  plane  sections 
through  the  model  at  intervals  of  10  per  cent,  of  nickel,  and  in  this  way 
the  surface  of  partial  liquid  miscibility  has  been  plotted.  No  new  phase 
makes  its  ajjpearance.  The  limits  of  composition  of  the  respective  solid 
solutions  have  been  determined  approximately. 

The  microscopic  structure  is  in  accordance  with  the  thermal  results. 
The  number  of  constituents  does  not  exceed  two,  and  the  solid  solutions 
exhibit  coring.     Annealing  experiments  have  not  been  made. — C.  H.  D. 

Corrosion  of  Non-Ferrous  Alloys. — A  general  paper  by  C.  H. 

Desch  t  describes  the  method  of  studying  corrosion  previously  described,  J 
and  discusses  the  relation  of  tests  made  in  this  way  to  corrosion  in  prac- 
tice. An  improved  form  of  apparatus  for  the  tests  is  described,  in  which 
the  platinum  gauze  cathode  is  raised  and  lowered  by  a  rack  and  pinion 
provided  with  a  scale. — C.  H.  D. 

*  Gaszetta  Chimica  Italiana,  1914,  vol.  xliv.  [ii.],  p.  279. 
t  Jourjial  of  the  Society  of  Chemical  Indtistry,  1915,  vol.  xxxiv.  p.  258. 
:;:  journal  of  the  Institute  of  Metals,  No.  2,  1913,  vol.  x.  p.  304;    No.  1,  1914.  vol. 
xi.  p.  235. 
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Gold-Cadmium  Alloys.— This  system  has  been  very  thoroughly 
investigated  by  P.  Saldau.*  Two  compounds  are  formed,  AuCd  and 
AuCdg,  of  which  only  the  former  gives  a  maximum  on  the  freezing  point 
curve,  whilst  both  form  solid  solutions,  AuCd  especially  taking  up 
cadmium  within  a  wide  range.  The  electrical  conductivity  curves  are 
highly  characteristic,  both  compounds  being  indicated  by  conspicuous 
cusps.  The  Brinell  hardness  diagram  is  also  characteristic.  Vogel's 
compound  Au^Cdg  does  not  exist,  but  is  merely  the  limit  of  the  solid 
solutions  in  unannealed  specimens. — C.  H.  D. 

Magnetic  Copper  Alloys. — It  is  shown  by  further  experiments  by 
F.  Heusler  f  that  the  maximum  of  magnetic  properties  in  alloys  contain- 
ing copper,  manganese,  and  tin  occurs  at  a  composition  at  which  the  sum 
of  the  manganese  and  copper  atoms  is  three  times  that  of  the  tin  atoms. 
Thus  CuSug  takes  the  place  occupied  by  CuAlg  in  the  older  series  of 
Heusler  alloys.— C.  H.  D. 

Manganese  Alloys,  Magnetic— A  note  by  F.  Heusler  %  states 

that  in  the  series  copper-manganese-tin,  the  maximum  of  magnetic  pro- 
perties in  any  series  containing  manganese  and  copper  in  a  given  ratio  is 
exhibited  by  the  alloy  in  which  the  sum  of  the  manganese  and  copper 
atoms  is  three  times  the  number  of  tin  atoms.  Thus  maxima  are  given 
by  the  alloys  represented  by  the  formulas  SnMnCug  and  Sn2MnCu5. 
These  alloys  are  regarded  as  being  derived  from  the  compound  SnCug. 
[This  is  in  accordance  with  the  now  generally  accepted  view  that  the 
magnetic  alloys  are  solid  solutions  formed  by  the  compounds  CugSn  and 
MngSn.  Ternary  compounds  are  not  generally  admitted  to  exist  in  this 
series.]— C.  H.  D. 

Manganese-Bismuth  Alloys. — According  to  E.  Bekier,  §  man- 
ganese and  bismuth  form  a  compound,  the  composition  of  which  lies 
between  BiMn  and  BiMuo.  Solid  solutions  are  not  formed,  and  the 
metals  are  only  partially  miscible  in  the  liquid  state. — C.  H.  D. 

Nichrome  Gauze. — A  substitute  for  brass  wire  gauze  is  recom- 
mended by  A.  J.  Hopkins.  ||  No.  3  nichrome  wire  is  woven  with  a  30 
mesh,  giving  a  very  smooth  and  flexible  gauze.  The  edge  of  the  gauze 
may  be  held  in  a  blowpipe  flame  without  injury,  and  such  gauzes  have 
now  been  in  regular  use  by  students  in  Amherst  College  for  three  years 
without  injury. — C.  H.  D. 

Nickel  Borides. — According  to  H.  Giebelhausen,^  amorjihous  boron 
dissolves  fairly  readily  in  molten  nickel.     Alloys  containing  up  to  23  per 

*  International  Journal  of  Metallography,  1915,  vol.  vii.  p.  3. 
f  Zeitschrift fur  a?iorga7iische  Chemie,  1914,  vol.  Ixxxviii.  p.  185. 
X  Ibid.,  1914,  vol.  Ixxxviii.  p.  185. 

§  International  Journal  of  Metallography ,  1915,  vol.  vii.  p.  83. 
II  Jourrial  of  the  Atnerican  Chemical  Society ,  1915,  vol.  xxxvii.  p.  321. 
1[  Zeitschrift fUr  anorganische  Chemie,  1915,  vol.  xci.  p.  257. 
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cent,  of  boron  have  been  examined.  Within  this  range  the  freezing- 
point  curve  shows  three  maxima,  corresponding  with  the  compounds 
Ni3,  NigB,,  and  Ni.Bg,  melting  at  1225°,  1170°,  and  1275°  C.  (ap- 
proximately) respectively.  There  is  also  a  compound,  NiB,  which  de- 
composes at  about  1020°  without  melting,  and  appears  only  as  a  break 
on  the  freezing-point  curve.  The  compound  NigB.^  undergoes  a  trans- 
formation at  about  1045°.  Solid  solutions  are  absent,  except  in  the 
,  alloys  containing  primary  crystals  of  Ni^Bg.  Here  solid  solutions  are 
formed  at  a  high  temperature,  but  break  up  between  950°  and  1000°  C. 
The  alloys  containiag  from  8  to  12  per  cent,  of  boron  are  subject  to 
retardations  of  the  reactions,  and  the  system  is  evidently  imperfectly 
known  in  this  region.  The  compound  Ni^B  also  only  crystallizes  after 
considerable  undercooling. 

Only  the  alloys  containing  free  nickel  are  magnetic.  The  compound 
Ni.,B  is  slightly  harder  than  quartz,  the  other  compounds  somewhat 
harder,  but  still  capable  of  being  scyatched  by  topaz. — C.  H.  D. 

Nickel-Brass. — Some  notes  on  this  alloy  (known  also  as  German 
silver)  are  given  by  F.  C.  Thompson.*  Oxygen,  when  present,  occurs 
as  a  finely  disseminated  oxide,  probably  zinc  oxide.  The  addition  of 
manganese  or  aluminium  as  a  deoxidizer  during  melting  greatly  reduces 
the  size  of  the  crystal  grains,  and  lessens  the  tendency  to  "  riffling,"  or 
corrugation,  during  spinning,  etc.  "  Riffling "  appears  to  be  due  to 
adjacent  crystals  being  thrust  over  one  another. 

When  overheated  at  1000°,  the  alloy  develops  dendritic  markings 
similar  to  those  present  in  the  alloy  as  originally  cast,  and  quite  diflFer- 
ent  from  a  "  burnt "  structure.  The  markings  disappear  on  annealing 
at  750°.     The  overheated  metal  does  not  show  twinning. 

Nickel-brass  has  a  finer  grain  than  70  :  .30  brass,  and  the  fineness 
increases  with  the  percentage  of  nickel.  Lead  is  practically  insoluble  in 
the  alloy,  whilst  2*5  jDer  cent,  of  tin  gives  rise  to  the  presence  of  a  new 
constituent,  similar  to  the  S-constituent  of  bronze. — C.  H.  D. 

Potassium-Rubidium  Alloys. — These  alloys  have  been  examined 
by  N.  S.  Kurnakow  and  A.J.  Nikitinsky,t  the  metals  being  melted  together 
in  glass  vessels  in  an  atmosphere  of  nitrogen,  and  drawn  into  narrow 
glass  tubes,  solidifying  under  pressure  of  gas  in  order  to  avoid  fissures. 
The  electrical  conductivity  curve  of  the  solid  alloys  passes  through  a  very 
flat  minimum,  whilst  the  curve  for  the  liquid  alloys  presents  no  minimum. 
The  curve  for  the  temperature-coefficient  of  the  conductivity  is  very  nearly 
flat,  but  shows  a  very  slight  minimum. 

The  hardness,  determined  by  the  pressure  required  to  produce  flow 
through  an  orifice,  gives  more  striking  results.  The  curve  passes  through 
a  strongly  marked  maximum,  which  is  not  symmetrical,  but  is  nearer  to 
the  potassium  end  of  the  series. — C.  H.  D. 

*   Transactions  of  the  Chemical  Society,  1914,  vol.  cv.  p.  2342. 
t  Zeitschriftfiir  anorganische  Chemie,  1914,  vol.  Ixxxviii.  p.  151. 
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Sodium  Amalg'aniS. — The  conductivity  of  these  amalgams  has 
been  further  studied  by  E.  Vanstone,*  and  the  specific  volumes  have 
also  been  replotted  to  bring  out  the  discontinuities  more  clearly.  There 
is  good  agreement  between  the  indications  of  the  specific  volume  and  the 
thermal  measurements.  The  specific  volume  of  the  liquid  alloys  is  a 
linear  function  of  the  composition.  The  electrical  conductivities  at  107° 
and  133°,  for  alloys  liquid  at  those  temperatures,  do  not  show  any 
discontinuity. — C.  H.  D. 

Tin  Selenides. — The  construction  of  thermocouples  composed  of 
platinum  and  alloys  of  tin  and  selenium  is  proposed  by  H.  Pelabon.f 
The  E.M.F.  of  such  couples  increases  in  a  practically  linear  manner 
between  100°  and  600°  C,  beyond  which  it  increases  less  rapidly  up 
to  the  melting  point.  A  difference  of  500°  between  the  hot  and  cold 
junction  gives  an  E.M.F.  of  0-2  volt.  Tin  selenide,  SnSeg,  is  readily 
cast  into  thin  rods,  which  may  be  built  up  to  form  multiple  thermo- 
piles.—C.  H.  D. 

Titanium-Aluminium  Bronze. — The  properties  of  a  new  alloy, 
titanium-aluminium  bronze  (10  per  cent,  aluminium)  are  given  J  as 
follows : 


Ultimate  tensile  strength  per  square  inch 

31-2  tons 

Elongation  on  2  inches 

20  per  cent. 

Specific  gravity 

7-5 

Coefficient  of  friction       ....... 

0-0018 

Brinell  hardness  No 

90-100 

Linear  contraction 

0-22  in.  per  foot 

Compression  under  a  load  of  1000  lbs.  per  square  inch  . 

12  per  cent. 

— F.  J. 

Vanadium,  Alloys  of. — Several  series  of  vanadium  alloys  have 
been  studied  by  H.  Giebelhausen.  §  The  vanadium  used,  however,  was 
prepared  by  the  aluminothermic  method,  and  contained  only  94' 2  per 
cent,  of  the  metal.  The  alloys  with  silicon  (containing  0'67  per  cent, 
of  aluminium)  were  prepared  by  fusion  in  silica  tubes,  although  they 
had  to  be  heated  to  1720°.  A  single  silicide,  VSig,  was  observed, 
giving  a  maximum  on  the  freezing-point  curve  at  1654°.  It  forms  a 
eutectic  with  silicon,  the  composition  of  which  was  not  determined. 
Solid  solutions  are  not  formed  on  the  silicon  side,  but  appear  to  be 
present  in  the  alloys  richer  in  vanadium,  as  the  alloys  containing  50  to 
60  per  cent,  of  vanadium  by  w^eight  are  homogeneous.  All  the  alloys 
are  brittle,  and  the  compound  scratches  pure  silicon. 

Nickel  forms  solid  solutions  within  the  limits  examined,  up  to  40  per 
cent,  of  vanadium.  The  freezing-point  curve  passes  through  a  minimum, 
at  about  1355°.  The  transformation  temperature  of  nickel  is  lowered 
by  vanadium. 

*   Transactions  of  the  Chemical  Society,  1914,  vol.  cv.  p.  2G17. 

+  Annates  de  Physique,  1915  [ix.],  vol.  iii.  p.  97- 

X  The  Foundry,  1915,  vol.  xliii.  p.  160. 

§  Zeitschrift fUr  anorganische  Cliemie,  1915,  vol.  xci.  p.  251. 
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Copper  and  vanadium  are  practically  immiscible  at  1800"*,  to  which 
temperature  they  are  raised  in  a  magnesia  tube.  Vanadium  and  silver 
are  immiscible  at  the  same  temperature. — C.  H.  D. 

"Variable"  Intermetallic  Compounds. — The  nature  of  a  chemi- 
cal individual  is  discussed  by  N.  S.  Kurnakow  *  with  special  reference 
to  intermetallic  compounds.  As  most  compounds  form  solid  solutions, 
the  composition  of  a  compound  is  determined  not  so  much  by  that  of 
the  phase,  which  is  variable,  as  by  the  position  of  singular  points  on  the 
diagrams  of  physical  properties.  Whilst  these  points  most  frequently 
correspond  with  simple  formulae,  there  are  exceptions,  and  the  case  of 
the  compound  of  bismuth  and  thallium  is  specially  instanced.  The  maxi- 
mum on  the  freezing-point  curve  occurs  at  62'8  atomic  per  cent,  of 
bismuth,  but  the  solid  solutions  at  ordinary  temperatures  extend  from 
55  to  64  atomic  per  cent.,  and  the  cusp  in  the  conductivity  curve,  taken 
at  diflferent  temperatures,  occurs  at  64  per  cent.  Such  compounds,  which 
correspond  with  no  simple  formula,  are  of  the  variable  type  assumed  by 
BerthoUet,  and  are  designated  "  Berthollides."  The  solid  solutions  in 
the  brasses  and  bronzes  are  regarded  as  being  of  this  type.  Parallel 
instances  are  found  in  the  zeolites,  metallammines,  and  other  substances. 

It  may  be  pointed  out  that  similar  views,  although  for  a  time  supported 
by  Ostwald  and  others,  have  been  generally  abandoned  as  irreconcilable 
with  the  atomic  conception  of  matter. — C.  H.  D. 


\\\.— METALLOGRAPHY, 

Cooling  Curves,  Interpretation  of. — A  study  in  the  quantitative 
interpretation  of  cooling  curves  is  due  to  H.  Hanemann.f  The  methods 
used  cannot  be  discussed  without  reproducing  the  numerous  diagrams 
and  formulce ;  but  it  may  be  mentioned  that  in  cases  where  the  liquidus 
and  solidus  approach  one  another  with  falling  temperature,  the  cooling 
curve  of  a  solid  solution  will  show  the  most  distinct  change  of  direction 
at  the  end  of  solidification,  and  not  at  the  beginning,  as  usually  assumed. 
As  a  consequence  of  the  discussion,  errors  in  the  published  diagrams  of 
the  indium-thallium  series  and  the  S-region  of  the  iron-carbon  series  are 
indicated. — C.  H.  D. 


I  v.— /AT)  U STRIA  L  APPLICA  TIONS. 
Aluminium,    Autogenous    Soldering    or    Welding    of.  —  A 

writer  X    deals   with  the    practical   considerations    involved   in   welding 
aluminium  by  the  oxy-acetylene  torch. 

The  flux  necessary  for  dissolving  the  oxide  and  for  protecting  the  hot 
metal  from  contact  with  the  air  is  a  most  important  factor.     A  typical 

*  Zeitschrift  fur  anorganische  Chetnie,  1914,  vol.  Ixxxviii.  p.  109. 

t  Ibid.,  vol.  ex.  p.  67. 

X  Machinery,  1915,  vol.  v.  p.  488. 
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composition  is  given  as  follows  :  60  parts  potassium  chloride,  6  parts 
cryolite,  and  30  parts  calcium  chloride ;  the  proportion  may  be  varied. 

The  acetylene  and  oxygen  should  be  in  a  high  state  of  purity ;  nitro- 
gen particularly  should  be  absent,  as  the  heated  aluminium  is  stated  to 
absorb  this  gas,  being  thus  rendered  brittle. 

Preheating  of  the  aluminium  is  necessary,  and  also  annealing  after 
welding,  in  order  to  remove  the  internal  strains  set  up  during  the 
operation. 

Great  skill  is  necessary,  especially  with  thin  metal,  in  order  to  avoid 
distortion  or  formation  of  holes.  The  following  qualifications  are  requi- 
site in  an  expert  in  aluminium  welding :  ability  to  prepare  the  surfaces 
for  welding;  judgment  in  preheating  and  annealing;  ability  to  choose 
a  well-constructed  blowpipe ;  determination  and  maintenance  of  correct 
proportions  of  oxygen  and  acetylene ;  estimation  of  area  to  be  fused  in 
each  partial  operation ;  manipulation  of  welding  flame  at  the  right 
moment  of  fusion  to  assure  complete  welding ;  prevention  of  deforma- 
tion of  metal  under  blowpipe ;  prevention  of  overheating  of  metal,  and 
avoidance  of  "  burnt"  welds  by  rapidity  and  ease  of  operation. 

Similar  precautions  are  necessary  in  welding  aluminium-zinc  alloys. 

The  feeding-rod  should  have  practically  the  same  composition  as  the 
material  being  welded.  The  article  concludes  with  a  long  list  of  practical 
hints  (25)  on  the  autogenous  welding  of  aluminium. — F.  J. 

Aluminium,  Methods  of  Jointing. — The  methods  of  cast  welding 

or  burning,  butt  welding,  electric  welding,  riveting,  threading,  flanging, 
and  seaming  of  aluminium  are  discussed  *  in  detail. 

The  old  method  of  cad  loelding  is  briefly  described,  and  the  essential 
conditions  for  the  production  of  good  work  enumerated. 

Bidt  luelding  by  pressure  for  aluminium  rods,  bars,  &c.,  is  said  to  be 
coming  rapidly  into  use.  The  ends  to  be  welded  are  heated  up  by  blow- 
pipe flame  until  plastic,  and  then  forced  together  under  pressure.  The 
heating  actually  assists  in  the  formation  of  an  oxide  film  within  which 
the  fused  metal  is  retained.  The  rapidity  with  which  the  ends  are 
forced  into  contact  is  an  important  factor,  the  elimination  of  the  oxide 
from  the  weld  being  most  desirable.  In  the  Cowper-Coles  machine  the 
release  of  a  spring  catch  effects  the  necessary  rapidity  of  contact.  This 
machine  is  fully  described  and  illustrated.  A  simple  and  interesting 
test  for  detecting  the  formation  of  the  oxide  film  is  described.  A  series 
of  tests  made  on  twelve  consecutive  welds  produced  by  the  Cowper- 
Coles  machine  resulted  in  fracture  occurring  at  some  distance  from  the 
weld.  Photographs  of  some  examples  of  aluminium  welds  are  repro- 
duced. 

In  electric  ivelding  the  two  principal  processes  are  the  arc  welding 
and  resistance  methods.  The  former  is  chiefly  employed  for  repairing 
and  filling  up  flaws  in  castings,  &c.,  whilst  the  latter  is  adapted  for 
use  in  metal-working  factories  producing  duplicate  work,  two  types  of 
machine  being  used,  viz.  the  spot-welder  and  the  butt-welder.      The 

*  Machinery,  1915,  vol,  v.  p.  708. 
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principles  on  which  these  machines  are  based  and  their  methods  of 
operating  are  described.  The  elimination  of  the  oxide  film  in  spot 
welding  is  imperfect. 

The  riveting  of  aluminium  can  be  satisfactorily  accomplished,  the 
more  important  type  of  riveted  joints  being  as  applicable  to  aluminium 
as  to  most  other  metals. 

Rivets  of  aluminium  only  should  be  used — in  order  to  obviate  electro- 
lytic action — and  ample  clearance  in  the  holes  must  be  allowed  in  order 
to  allow  of  spread  of  metal.  Details  of  riveting  operations  are  discussed. 
Riveted  aluminium  plates  ^  inch  to  ^  inch  thick  are  now  extensively 
used  in  external  panelling  of  railway  carriages. 

The  difficulties  of  tlireading  aluminium  bolts  and  screws  are  described, 
better  results  being  secured  when  the  metal  is  alloyed  with  zinc  or 
copper. 

Lubricants  used  in  threading  are  also  discussed,  a  patented  lubricant 
having  the  following  composition  :  petrol  71"5  per  cent.,  beeswax  14"25 
per  cent.,  and  turpentine  14"25  per  cent. 

The  flanging  and  seaming  of  aluminium  sheet  metal  produces  reliable 
joints  requiring  neither  soldering,  welding,  nor  riveting.  The  method  is 
particularly  useful  for  intricate  articles  spun  in  sections,  and  then  joined 
together.  Ingenious  automatic  flanging  and  seaming  machines  that  will 
produce  rapidly  a  perfect  double-seamed  joint  on  cylindrical,  square,  or 
irregular  work  are  used  extensively  where  the  output  is  considerable. 
The  advantages  of  this  method  are  indicated. — F.  J. 

Aluminium,  Oxy-acetylene  Welding  of. — A  description  is  given 

by  R.  Mawson  *  of  the  oxy-acetylene  welding  of  aluminium  parts  formerly 
manufactured  by  riveting  together  of  cut  segments,  and  the  welding  to- 
gether of  the  parts  making  up  an  aluminium  retort,  a  rectangular  tank 
saucepan,  a  steam-jacketed  kettle,  and  an  evaporating  pan. 
Some  of  the  dimensions  of  parts  are  as  follows : 

Tank  .         .         .     5  ft.  6  in.  x 2  ft.  6  in.  x 3  ft.,  using  sheet  j^  in.  thick. 

Evaporating  pan       .     28  ft.  x  10  ft.  x7  in.,  using  sheet  §  in.  thick. 

When  welding  aluminium,  only  sufficient  preheating  to  start  the  weld 
is  necessary,  as  the  heat  from  the  torch  travels  along  the  part,  and  is 
adequate  for  the  remainder  of  the  operation.  When  welding  sheets 
l^-inch  thick  an  operator  can  make  90  feet  in  an  8-hour  day. — F.  J. 

Aluminium,  Satin  Finish  on. — Two  methods  of  producing  a  satin 
finish  on  aluminium  are  described.!  One  method  consists  of  a  momen- 
tary immersion  in  strong  nitric  acid,  following  a  dip  in  warm  soda  solu- 
tion, the  article  being  subsequently  polished,  washed  in  weak  whale-oil 
soap  solution,  momentarily  dipped  in  a  mixture  of  strong  nitric  and 
hydrofluoric  acids,  rinsed,  dried  and  buffed. 

The  other  method  consists  of  brushing  the  polished  surface,   using 

*  American  Machinist,  1915,  vol.  xh.  p.  1065. 
f  The  Foundry,  1914,  vol.  xliii.  p.  500. 


334  Abstracts  of  Papers 

brushes  of  steel  wire,  the  fineness  of  the  finish  depending  on  the  fineness 
of  wire  in  the  brush. — F.  J. 

Bearing  Alloys. — White  metals  as  chiefly  used  for  lining  cast-iron 
or  bronze  bushes,  for  crank-shaft  journals,  and  crank-pins  are  discussed 
under  a  review  of  the  subject  of  Lubrication  of  Common  Journals  by 
J.  Stormonth.*  The  use  of  babbitt  has  largely  minimized  undue  heating 
in  such  parts  as  the  big  ends  of  connecting  rods. 

A  journal  is  smoothed  by  babbitt  to  a  greater  extent  than  by  gun- 
metal  ;  but  the  smoother  the  surfaces  the  less  is  the  adhesion  of  oil, 
unless  the  surfaces  are  porous ;  with  steadily-pressed  journals  this  is 
detrimental.  The  writer's  experiences  with  white  metal  are  related.  An 
interesting  difference  between  gun-metal  and  "  babbitt "  is  quoted,  in 
that  the  latter  does  not  possess  the  advantage  of  the  former  in  giving 
increased  room  for  oil  when  the  bearing  cools  after  heating. — F.  J. 

Corrosion  of  Condenser  Tubes.— In  a  paper  read  before  the 
Electrical  Association  of  New  South  Wales,  E.  Bates  t  stated  that  the 
serious  corrosion  of  condenser  tubes  experienced  at  the  Ultimo  power 
station  of  the  Sydney  tramways  had  been  completely  checked  by  the 
simple  method  of  painting  the  whole  of  the  interior  of  the  cast  iron  water- 
boxes  with  anti-corrosive  paint.  Following  this,  equally  good  results 
were  obtained  at  the  power-station  of  the  Adelaide  tramways,  where 
much  trouble  had  been  experienced.  Attempts  to  check  this  corrosion 
had  been  made  by  improving  the  contact  between  tubes  and  tube-plate, 
and  by  suspending  zinc  plates  in  the  water-boxes,  but  without  success. 
The  interior  of  the  water-box,  covers,  and  pipes  of  one  condenser  were 
coated  with  biturine  solution,  and  corrosion  did  not  recommence  until  all 
the  paint  had  washed  off.  Later  Hartman's  "  Red  Hand  "  anti-corrosive 
paint  was  found  to  last  longer.  Bates'  method  has  been  in  use  for 
some  considerable  time,  and  it  is  interesting  to  note  that  the  number  of 
tubes  now  removed  from  the  original  condensers  does  not  exceed  three 
per  month,  where  formerly  it  was  not  uncommon  to  lose  150  tubes  from 
one  condenser  in  a  single  week. — D.  H. 

Brass,  Annealing,  for  Forming  and  Drawing  Operations. — 

The  importance  of  replacing  the  methods  of  judging  temperatures  of 
annealing  by  the  eye  and  the  time  by  guesswork  by  scientific  methods 
is  emphasized  by  H.  W.  Dunbar.  J  He  discusses  the  variables  in  the 
operation  as  follows : 

1.  Composition. — Percentages  of  lead  and  of  zinc  determine  the 

temperature  at  which  overheating  occurs. 

2.  Length  of  Time. — With  a  given  temperature  the  time  should  not 

vary  more  than  5  per  cent. 

*  Mechanical  World,  1915,  vol.  Ivii.  p.  126. 

t  Engineering,  February  5,  1915,  vol.  .xcix.  p.  172. 
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3.  Manner  of  cooling. 

4.  Variation  in  temperature  during  heating  period. 

5.  Nature  of  mechanical  treatment. 

An  example  is  given  of  thin  sheet  brass  containing  0*5  per  cent,  lead 
requiring  fifteen  or  sixteen  different  operations,  e.g.  bending  back  upon 
itself.  It  was  found  that  many  failures  occurred,  and  these  were 
eventually  attributed  to  imperfect  annealing-  conditions.  The  tempera- 
ture range  had  been  540°  C.  to  900°  C.  A  recording  pyrometer  was 
installed,  and  a  mechanical  charging  system  with  controllable  rate  of 
travel  for  the  articles  through  the  furnace  was  introduced,  the  annealed 
articles  being  cooled  in  water  after  leaving  the  furnace.  Microgi'aphs 
showed  that  the  metal  was  overheated  when  annealed  for  2  to  8  minutes 
at  815°  C,  whereas  when  annealed  at  about  650°  C.  for  3^  minutes  and 
cooled  in  lukewarm  water  the  metal  was  properly  annealed,  and  had  a 
minutely  crystalline  structure. 

The  scleroscope  revealed  no  diflference  in  hardness  between  the  two 
samples. 

Four  marked  improvements  resulted  from  the  reorganization  of  the 
annealing  system,  viz. : 

1.  Decrease  in  tool  wear. 

2.  Increase  in  output. 

3.  Extension  in  range  of  composition  of  brass. 

4.  Reduction  in  percentage  of  scrap  clue  to  cracks. — F.  .J. 

Brass  and  Bronze  Castings,  Production  of  a  Fine  Skin  on. 

— A  method  of  obtaining  a  fine  skin  on  brass  and  bronze  castings  is  sug- 
gested by  F.  W.  Hartley.*  The  moulds  are  dried  in  front  of  a  sala- 
mander, the  faces  being  then  smoked  by  means  of  the  fumes  arising  from 
resin  placed  in  a  red-hot  ladle.  If  the  moulds  and  parting  sand  are  good, 
a  skin  will  be  produced  which  will  machine  easily. — F.  J. 

Cartridge-Cases,  Manufacture  of. — In  an  article  f  on  the  above 

subject  the  manufacture  of  a  cartridge-case  for  a  6-inch  rapid-firing  gun 
is  described.  A  number  of  press  operations  are  necessary  to  convert  a 
sheet-brass  disc  \i\  inches  diameter  by  f  inch  thick  into  a  tube  41^ 
inches  long  by  6  inches  diameter,  having  thin  walls  and  a  closed  end,  in 
which  the  metal  is  as  thick  as,  or  thicker  than,  the  original  disc. 

The  brass  used  consists  of  67  per  cent,  copper  and  33  per  cent,  zinc, 
which  in  the  annealed  state  has  the  following  properties :  elastic  limit, 
4-4  tons  per  square  inch  ;  tensile  strength,  20  tons  per  sc^uare  inch  ; 
elongation,  65  per  cent.  ;  and  reduction  of  area  of  30  per  cent. 

The  alloy  is  not  subjected  to  hot  work. 

The  earlier  operations,  while  the  cartridge-case  is  still  short,  are  carried 
out  in  a  vertical  press,  folloAved  by  a  horizontal  press  when  the  length  is 
such  that  manipulation  and  withdrawal  of  the  punch  become  difiicult. 
The  punch  and  die  are  described. 

*  American  Machinist,  1914,  vol.  xli.  p.  674, 
t  lUd. ,  1915,  vol.  xlii.  p.  177. 
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The  brass  discs,  weighing  33  lb.  each,  are  out  in  a  disc-cutter,  and  then 
cupped  in  two  stages,  being  annealed  at  630°  C.  for  twenty-eight  minutes 
after  the  first  cupping,  and  at  650°  C.  for  twenty  minutes  after  the 
second.  A  pickling  and  washing  operation  follows  these  and  all  other 
annealings.  Then  follow  five  drawing  operations,  an  indenting,  five  more 
drawing,  three  heading,  and  a  tapering  operation.  The  details  of  all  the 
tools  used  are  clearly  described  and  illustrated. 

The  annealina-  data  are  as  follow : 


First  drawing  operation 

Second   ,,  ,, 

Third      ,, 

Fourth    , , 

Fifth       ,, 

Indenting  for  the  primer 


anneal  at  650°  C. ,  28  min. 
650°  C,  26    ,, 
640°  C,  15    ,, 
630°  C,  22    ,, 
630°  C,  20    „ 

no  annealing 


In  subsequent  drawing  operations  the  cases  are  not,  as  before,  stripped 
from  the  punches  by  catching  on  the  underside  of  the  dies,  but  by  means 
of  fingers  pressed  towards  the  axis  by  springs. 


Sixth  drawing  operation 
Seventh  ,,  ,, 

Eighth     ,, 
Ninth 
Tenth      ., 


anneal  at  630°  C,  15  min. 
630°  C,  15    ,, 
600°  C,  14    ,, 
570°  C,  14    ,, 

no  annealing 


The  heading  operation  is  carried  out  in  three  stages  in  a  vertical  2500 
ton  press,  and  it  is  important  that  during  manufacture  the  head  should 
be  subjected  to  a  pressure  two  or  three  times  that  likely  to  be  produced 
by  the  explosion  of  the  propelling  charge.  The  three  stages  are  described, 
as  also  is  the  tapering  operation,  which,  in  some  factories,  is  carried  out 
in  two  stages  with  an  annealing  at  560°  C.  before  the  first,  and  an 
annealing  at  500°  0.  before  the  second,  care  being  taken  to  prevent  the 
head  from  becoming  annealed. 

The  remaining  operations  are  of  a  mechanical  nature,  such  as  cutting 
to  length,  turning  the  end,  the  head,  the  steps  in  the  chamber,  and  the 
attachment  for  the  primer. — F.  J. 

Coiling  Machine  for  Copper  Pipe. — E.  Viall  *  describes  a  machine 
used  for  coiling  copper  pipe  f  inch  diameter,  and  of  sufficient  thickness 
to  prevent  kinking. 

The  coiling  form  is  a  heavy  cast  iron  disc,  and  the  coil  is  conical  when 
finished,  but  may  be  easily  flattened  by  simple  pressure. — F.  J. 

Die-Castings,  Commercial. — Points  of  interest  concerning  com- 
mercial die-castings  are  discussed  by  M.  Stern,  t  A  die-moulded  casting 
is  defined  as  "  a  metal  part  cast  in  a  metal  mould  or  die,  which  conforms 
in  shape  and  form  to  the  desired  piece,  and  leaves  the  mould  with  holes, 
threads,  teeth,  &c.,  accurately  finished  and  located." 

The  metal  is  forced  into  the  die  in  a  molten  state  under  a  pressure  of 
100  to  400  lb.  per  square  inch,  the   pressure  being  transmitted  by  a 


American  Machinist,  1915,  vol.  xlii.  p.  96. 
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mechanically  or  hand-operated  plunger,  by  compressed  air  or  by  centri- 
fugal force. 

The  only  high  melting  point  alloy  which  has  been  commercially  die- 
cast  successfully  is  said  to  be  that  consisting  of  aluminium,  92  per  cent., 
and  copper,  8  per  cent.  The  general  classes  of  low  melting  point  alloys 
are  discussed. 

Low  cost  of  production  and  interchangeability,  together  with  greater 
degree  of  accuracy — in  the  case  of  small  castings — than  is  possible  by 
machinery  are  the  chief  features  of  die-castings. 

The  shrinkage  of  alloys  involves  special  precautions,  which  are  dis- 
cussed. The  shrinkage  of  zinc-base  alloys  is  said  to  be  about  twice  as 
great  as  that  of  tin-  and  lead-base  alloys,  and  about  a  third  that  of 
aluminium-base  alloys. 

The  advantages  of  die-castings  are  reviewed,  such  as  the  saving  in 
machining,  in  obtaining  and  maintaining  the  necessary  tools,  and  in  the 
wages  of  skilled  mechanics,  whilst  complicated  pieces  may  be  produced 
which  would  otherwise  have  to  be  made  in  two  or  more  parts,  a  reduction 
in  the  cost  of  assembling  being  thus  effected.  The  greatest  economy  is 
effected  where  the  number  of  castings  is  large,  and  where  intricacy  of 
detail — representing  saving  in  cost  of  machinery — is  greatest. 

In  the  case  of  automatic  die-casting  machines  the  minimum  economical 
quantity  is  about  10,000  castings,  whilst  in  the  case  of  hand-ojierated 
machines  the  quantity  is  from  500  to  1000. 

The  technical  disadvantages  attending  the  production  of  large  die- 
castings  are  given,  5  lb.  being  the  limit  in  weight  of  average  die-castings, 
although  in  special  cases  this  weight  may  be  as  high  as  1 1  lb. 

Other  disadvantages  of  die-castings  are  their  uselessness  at  temperatures 
above  300°  F.  ;  their  susceptibility — in  the  case  of  zinc-base  alloys — to 
attack  by  alkaline  or  saline  solution,  and  by  impurities  in  gasoline  ; 
their  liability  to  contaminate  foods  ;  and  their  inability  to  withstand 
stresses. 

Some  of  the  uses  of  die-castings  are  as  bearings,  magneto  parts,  electric 
lighting  and  starting  systems,  speedometer  housings,  &c.,  in  automobile 
work,  and  as  parts  in  automatic  machines,  cash  registers,  (fee.  &c. — F.  J. 

Drawing  Metal  Tubes. — A  well  illustrated  description  is  given  *  of 
the  process  of  drawing  brass  and  copper  tubes  on  draw-benches. 

Three  commonly-used  processes  are  noted  for  the  production  of  the 
thick- walled  cylindrical  piece  required  for  the  draw-bench.  These  are : 
(1)  The  casting  process,  producing  a  tubular  ingot  measuring  about 
3|  feet  long,  with  walls  1  inch  thick,  and  central  hole  2  inches 
diameter  ;  (2)  the  brazed  seam  process  in  which  a  heavy  brass  plate  is 
bent  to  tubular  form,  and  the  joint  brazed  before  drawing ;  (3)  the 
Mannesmanu  process.  The  mechanism  of  the  draw-bench  is  explained 
by  the  aid  of  photographs  and  diagrams,  a  special  form  of  steel  mandrel 
or  "  triblet "  being  used.  The  tubes  as  received  from  the  heavy 
drawing-mill    are    1-125   inch    diameter,   Avith    walls    0-85    inch    thick, 

*  Machinery,  1915,  vol.  v.  p.  653. 
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and  one  end  of  each  is  swaged  down  for  a  length  of  4  inches  in  a 
machine  with  revolving  dies.  This  enables  the  tube  to  project  through 
the  die  far  enough  to  be  gripped. 

The  drawing  operation  is  fully  described,  the  reduction  at  each 
operation  averaging  two  to  four  gauge  numbers.  Special  shapes  are 
produced  by  using  special  dies,  but  in  all  cases  it  is  necessary  to  com- 
mence with  a  round  tube. — F.  J. 

Failures  in  Metal  Parts. — Some  miscellaneous  failures  are  described 
by  S.  Evans.*  Most  of  these  refer  to  iron  and  steel,  but  a  few  refer  to 
non-ferrous  alloys.  Some  small  bolts,  containing  59-5.5  per  cent,  copper, 
39'0  per  cent,  zinc,  0'91  per  cent,  iron,  and  0*84  per  cent,  phosphorus, 
were  returned  as  having  fractured.  No  defects  of  quality  or  structure 
were  found,  and  it  was  shown  that  the  bolts  had  been  tightened  beyond 
their  elastic  limit.  Some  copper  sheathing  cracked  during  use,  and  was 
not  improved  by  annealing.  It  proved  to  be  underpoled,  and  was 
restored  by  annealing  in  a  reducing  atmosphere.  Brass  gauge  cocks 
which  leaked  were  found  to  be  spongy  from  bad  casting.  A  phosphor- 
bronze  stay  in  a  surface  condenser  failed  by  cracking,  and  was  found  to 
have  been  finished  at  too  low  a  temperature.  Some  small  meter  cases 
stamped  from  rolled  brass  corroded  badly  after  being  dipped  in  an 
ordinary  cold  lacquer.  A  green  salt  accumulated,  which  proved  to  be  a 
copper  salt  of  abietic  acid.  Finally  a  celluloid  lacquer  was  employed. — 
C.  H.  D. 

Galvanizing  Malleable  Castings. — Various  practical  suggestions 
concerning  the  hot  galvanizing  of  malleable  castings  are  offered  by 
E.  Touceda.  f  The  quality  of  the  zinc,  the  construction  of  the  gal- 
vanizing kettle,  fluxing  and  dipping,  and  the  control  of  temperature  are 
discussed,  A  temperature  of  800°  F.  is  recommended  for  large  castings, 
and  one  of  890°  F.  for  small  work.  The  desirability  for  thoroughly 
cleansing  the  surface  of  castings  is  emphasized,  a  5  per  cent,  solution 
of  hydrofluoric  acid  in  water  being  preferred  to  sulphuric  acid,  the 
former  effecting  removal  of  adhering  sand-grains  without  attacking  the 
metal.  A  short  treatment  in  hydrochloric  acid  should  precede  dipping. — 
F.J. 

Non-Ferrous  Metals  in  Industrial  Locomotives. — The  con- 
struction of  industrial  locomotives,  the  materials  used,  and  many  other 
details  are  discussed  by  J.  W.  Hobson.  { 

The  boiler-shell,  firebox,  and  tubes  are  considered  separately. 

Firebox. — The  reasons  for  the  almost  invariable  use  of  copper  for 
fireboxes  in  this  country  are  given  as  follows :  greater  resistance  than 
iron  or  steel  to  oxidation  and  corrosion,  to  sudden  and  rei3eated  strains, 
and  to  the  wasting  action  of  the  fierce  fire.     Whilst  largely  used  in 

*  Journal  of  the  Society  of  Chemical  Industry,  1915,  vol.  xxxiv.  p.  204. 

t  The  Foundry,  1914,  vol.  xliii.  p.  470. 
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America,  steel  fireboxes  in  Great  Britain  and  the  Continent  have  proved 
unsuitable,  the  advantages  of  copper — longer  life,  comparative  freedom 
from  patchings  and  renewals,  high  value  as  scrap — having  decided  in  its 
favour. 

The  most  severely  strained  portion  of  the  firebox  is  the  tube-plate, 
which  has  to  take  up  strains  derived  from  the  expansion  of  the  tubes,  the 
expansion  of  the  sides  of  the  box,  and  the  resistance  to  its  own  expan- 
sion ofl"ered  by  the  roof-stays.  Methods  of  dealing  with  the  trouble  are 
discussed.  To  the  accumulation  of  scale  are  attributed  many  troubles, 
such  as  cracks,  bulges,  leaky  stays  and  tubes. 

Details  are  given  concerning  rivets,  stays,  positions  for  and  means  of 
obtaining  flexibility  of  stays,  fitting  of  palm  stays,  ttc.  Direct  stays  are 
preferred  to  girder  stays,  as  the  latter  obstruct  circulation  and  become 
choked  with  deposit,  causing  the  crown  plate  to  become  overheated. 

Tubes. — In  reviewing  the  subject  of  tubes,  the  tendency  to  overcrowd 
a  boiler  with  tubes  is  discouraged,  owing  to  the  spaces  becoming  choked 
with  scale ;  water  space  between  tubes  should  not  be  less  than  f  inch, 
thus  allowing  for  repeated  expanding.  Arranging  tubes  in  vertical  rows 
permits  better  circulation  and  easy  descent  of  sediment. 

Tubes  are  stated  to  be  mainly  made  of  solid-drawn  brass ;  copper 
tubes  are  little  used  for  industrial  engines  owing  to  the  expense.  They 
possess  great  ductility,  do  not  set  up  severe  expansion  strains,  keep 
tight,  and  last  well  if  of  the  right  hardness ;  if  too  soft,  they  become 
badly  scored.  In  practice  there  is  little  difi"erence  in  the  evajjorative 
powers  of  copper,  brass,  steel,  and  iron  tubes  after  a  few  week's  working 
with  bad  water.  Brass  and  copper  last  much  longer,  and  have  a  higher 
value  as  scrap.  Steel  and  iron  tubes,  unless  fitted  with  copper  ends,  do 
not  keep  so  tight  in  the  copper  tube  plate  ;  also  incrustation  adheres 
more  firmly  than  in  the  case  of  copper  or  brass.  Particulars  as  to 
gauges  and  the  use  of  ferrules  are  given. 

Numerous  other  locomotive  parts  are  described  and  discussed  at 
length. 

Copper  Pipes. — Solid-drawn  copper  is  recommended  for  steam  and 
water  pipes.  Variations  in  temperature,  and  consequently  expansion 
trouble,  are  greater  in  the  case  of  cast  and  wrought  iron  pipes. 

The  destructive  agencies  in  the  case  of  smoke-box  steam  pipes  are  hot 
waste  gases,  stresses  caused  by  engine  vibration,  and  accumulation  of 
ash  in  the  smoke-box  bottom.  Re-annealing  of  pipes  and  frequent 
cleaning  out  of  smoke-box  are  recommended. 

External  pipes,  if  of  copper  and  if  re-annealed  every  few  years,  will, 
unlike  wrought  iron  pipes,  last  as  long  as  the  engine. — F.  J. 

Oxy-Acetylene  Cutting  and  Welding. — In  an  address  delivered 
to  the  Illinois  Gas  Association,  H.  P.  Harding  *  describes  the  oxy-acety- 
lene  cutting  torch  and  the  welding  blowpipe. 

In  the  former  an  excess  of  oxygen  is  necessary,  whilst  in  the  latter 
there  should  be  a  neutral  flame,  i.e.  an  excess  of  neither  gas.     In  the 

*  Mechanical  World,  vol.  Ivi.  p.  272. 
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former  the  tip  of  the  inner  cone  is  the  working  point  of  the  flame,  being 
at  a  higher  temperature  than  the  larger  outer  envelope,  which  serves  to 
preheat  the  work  for  the  inner  cone  ;  to  protect  the  molten  metal  from 
oxidation  ;  and  to  prevent  the  inner  cone  from  being  cooled  by  the 
nitrogen  of  the  air. 

Details  concerning  the  operation  of  the  welding  blowpipe  are  given. 

To  relieve  a  welded  piece  of  the  internal  strains  due  to  expansion  and 
contraction,  preheating  before  and  reheating  after  the  welding  operation 
are  recommended. 

In  the  case  of  welding  dissimilar  metals,  the  filler  rod  should  be  of  the 
metal  which  has  the  lower  welding  temperature,  in  order  that  the  added 
metal  may  not  chill  when  falling  upon  the  molten  metal. 

Flux  is  added  when  welding  cast  iron,  aluminium,  brasses,  bronzes, 
&c.,  to  prevent  oxidation,  to  remove  scale,  to  render  the  metal  more 
fluid. 

The  structure  of  the  weld  is  not  quite  so  homogeneous  as  other 
parts  of  the  welded  piece,  but  the  density  and  strength  of  the  weld  can 
always  be  increased  by  hammering  at  the  right  moment.  [With  some 
commercial  brasses,  hammering  at  any  temperature  would  be  fatal, 
whilst  the  existence  of  the  critical  point  in  brasses  of  alpha  and  beta  or 
beta  structure  would  necessitate  the  hammering  being  carried  out  well 
above  500°  C.     Note  by  abstractor.] — F.  J. 

Pipe-line  for  Corrosive  Liquids. — G.  C.  Clifford*  describes  the 

trouble  experienced  from  corrosion  at  the  joints  of  brass  valves  and  steel 
pipe  used  for  conveying  large  quantities  of  corrosive  liquids. 

Various  bronze  and  brass  alloys  for  the  valves  proved  unsuccessful, 
and  eventually  ferro-silicon  valves  and  copper-steel  alloy  pipe  were  in- 
stalled, and  have  shown  no  signs  of  failure  after  one  year's  use.  No 
previous  pipe-line  had  lasted  more  than  two  months. — F.  J. 

Protective  Coatings  for  Iron  and  Steel — With  the  object  of 

comparing  the  efficiencies  of  the  various  finishes  which  are  applied  to 
iron  and  steel  for  protective  purposes,  and  of  defining  their  possibilities 
and  limitations,  the  uses  of  tin,  nickel,  copper,  and  zinc  in  this  connection 
are  discussed  f  at  length. — F.  J. 

Repairing  Warped  Bearings. — When  large  freshly  rebabbitted 
bearings  cool,  it  occasionally  happens  that  the  metal  warps,  leaving  a 
gap  between  the  babbitt  and  the  casting. 

J.  G.  Koppel  %  describes  how  the  bearing  of  a  large  generator  was 
fastened  to  the  casting  in  order  to  prevent  the  former  from  becoming 
elliptical,  and  thus  allowing  the  shaft  to  have  too  much  play. — F.  J. 

Riveting  Turbine  Blades.— A  method  of  riveting  into  place  the 
bronze  blades  of  steam  turbines  is  illustrated  and  described  by  C.  C. 

*  Mechanical  World,  vol.  Ivi.  p.  258. 

t   The  Foundry,  vol.  xliii.  p.  497. 

X  Mechanical  World,  vol.  ivi.  p.  281. 
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Phelps.*     The  blades  had  square  tongues,  and  were  assembled  by  in- 
serting the  latter  into  square  holes  in  the  steel  channels. 

The  metal  of  the  tongues  was  spread  by  means  of  a  pneumatic  rivet- 
ing hammer,  a  special  set  and  guiding  device  being  employed,  resulting 
in  the  metal  spreading  laterally,  and  not  in  the  direction  of  the  length 
of  the  channel.  Under  ordinary  circumstances  the  riveting  proceeds  at 
the  rate  of  1000  blades  per  hammer  per  8-hour  day. — F.  J. 

Sheet  Brass,  Hollow  Balls  from. — The  apparatus  employed  in 
making  hollow  balls  from  sheet  brass  is  described  by  T.  J.  Kavanagh,t 
a  number  of  illustrations  being  given  of  the  punches  and  dies  used  at 
each  stage  of  the  process. 

The  sheet  brass  used  must  be  of  suflBcient  thickness  to  withstand  the 
stress  of  closing-in  without  collapsing ;  a  table  of  thicknesses  for  balls  of 
various  diameters  is  given. 

The  thickness  of  the  metal  is  very  important,  as,  if  insufficiently  thick, 
it  may  collapse,  and  if  too  thick,  the  closing-in  operation  is  rendered 
difficult. 

To  bring  the  ball  to  a  greater  degree  of  refinement,  if  required,  rolling 
between  discs  is  advocated,  and  by  this  means  the  opening  left  in  the 
ball  when  finished  in  the  press  would  be  entirely  closed,  and  the  ball 
brought  to  within  0*001  inch  of  correct  diameter  and  sphericity. 

The  latter  method  has  been  applied  in  the  manufacture  of  gold  beads, 
&c.,  sheet-copper,  plated  with  gold  being  used,  the  gold  being  on  the 
outside.  The  copper  is  dissolved  in  a  solution  of  hydrochloric  and 
sulphuric  acids,  leaving  a  thin  wall  of  solid  gold. — F.  J. 

Shell,  Details  of  Shrapnel. — The  details  of  design  of  a  shrapnel 
shell  are,  by  the  aid  of  an  illustration,  described  by  J.  P.  Brophy.J 

The  copper  driving  band  is  shrunk  and  also  hydraulically  compressed 
over  the  body  of  the  shell ;  its  functions  are  fully  described. 

A  copper  tube,  connecting  the  powder  pocket  with  the  brass  fuse  body, 
contains  an  igniting  charge  of  gun-cotton  at  either  end  ;  when  the  powder 
in  the  fuse  body  burns,  it  ignites  the  gun-cotton,  and  the  flame  passes 
through  the  copper  tube  to  the  gun-cotton  at  the  other  end,  igniting  the 
powder  pocket,  which  explodes  the  casing  and  scatters  the  charge. 

The  timing  device,  and  the  mechanism  whereby  the  fuse  is  ignited, 
are  also  described. 

In  another  article  the  same  writer  describes  in  detail  the  operations 
for  producing  shrapnel  cases,  heads,  fuse  bodies,  and  fuse  caps  on  auto- 
matic turret  lathes.  The  rate  of  production  is  given  for  each  part,  and 
photographs  and  drawings  of  the  tools  are  reproduced.  The  fuse  bodies 
are  made  of  bronze  stampings  (manganese  brass  is  pi-obably  meant. 
Note  by  abstractor)  or  brass  castings,  whilst  the  fuse  caps  are  machined 
from  brass  bar. — F.  J. 

*  American  Machinist,  1915,  vol.  xli.  p.  1028. 
t  lbid.,Vd\\,  vol.  xli.  p.  470. 
X  Ibid. ,  1915,  vol.  xlii.  p.  89. 
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Shell  (Drawn),  Formulae  for  Blank  Diameters  of.— In  the  pro- 
cess of  manufacturing  drawing  dies  for  round  articles  of  fancy  shape,  the 
problem  of  finding  the  proper  blank  dimensions  is  of  great  importance. 
A  number  of  blank  formulae  for  the  most  common  shapes  are  given 
by  "  F.  J.  W.  S.,"*  being  based  on  the  well-known  rule  that  the  area  of 
the  blank  equals  the  area  of  the  shell,  or,  mathematically  expressed : 

4 

D  =  \/ixA, 

IT 

where  D  =  diameter  of  blank 
and      A  =  area  of  shell. 

Tables  are  given  for  areas  and  diameters  of  blanks  for  drawn  shells. 
All  corners  in  diagrams  are  shown  sharp,  but,  in  reality,  the  radius  of 
these  corners  should  not  be  less  than  four  to  five  times  the  metal  thick- 
ness for  copper  plate. 

In  addition  to  the  formulae,  an  easy  method  is  described  for  graphically 
determining  the  blank  dimensions  of  shells  of  diflferent  contents  but 
similar  forms,  i.e.  shells  whose  lines  are  all  proportional  to  each  other. 
— F.  J. 

Sherardizing"  Practice. — The  process  of  heating  iron  and  steel 
articles  in  metal  retorts  in  contact  with  zinc  dust  at  a  temperature  of 
fi'om  260°  C.  to  425°  C. — known  as  Sherardizing — is  described, f  as  also 
are  the  apparatus  and  methods  employed.  It  is  stated  that  partial 
vaporization  of  the  zinc  dust  takes  place,  the  vapour  condensing  on  the 
surfaces  of  the  iron  articles.  The  inner  layers  of  the  coating  are  said  to 
consist  of  a  zinc-iron  alloy.  The  Sherardized  surface  is  light  grey,  with 
matte  finish.  The  process  is  economical,  and  yields  a  superior  product. 
Threaded  screws  of  fine  pitch,  if  made  with  a  slight  clearance,  need  not 
be  re-cut  after  receiving  the  coating.  Every  part  of  the  article  is  coated, 
the  thickness  of  coating  is  under  control,  and  there  is  no  distortion  of 
slender  pieces ;  no  flux  is  necessary.  Aluminium  and  tin  may  replace 
the  zinc  dust  to  advantage.  The  best  results  are  obtained  when  the  zinc 
dust  contains  .50  per  cent,  of  metallic  zinc.  The  surface  of  the  articles 
must  be  cleaned,  sand-blasting  and  pickling  in  acid,  followed  by  a 
cyanide  dip,  being  usual.  The  drums  and  manner  of  charging  them  are 
illustrated  and  described,  as  also  is  the  Sherardizing  furnace. 

Automatic  turning  of  the  drum  is  arranged,  intermittent  giving  better 
results  than  continuous  rotation. 

The  period  of  heating  varies  according  to  thickness  of  deposit  required. 
The  drums  are  allowed  to  cool  before  unloading. — F.  J. 

Silver-Plated  Ware,  Mamifacturing  Operations  of.— The  roll- 
ing, circling,  spinning  operations  in  connection  with  the  manufacture  of 


I 
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*  Machinery,  1915,  vol.  v.  p.  484. 
t  Ibid.,  p.  613. 
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articles  in  britannia  metal  are  described,  *  illustrations  of  the  machines 
and  chucks  being  given.  The  latter  are  made  in  sections  to  facilitate 
removal  after  the  completion  of  the  spinning  operation ;  the  shape  and 
construction  of  several  are  described. 

The  hand -engraving  process  and  the  casting  of  auxiliary  parts  (of 
Hoyts  metal)  are  described,  also  the  operations  of  soldering  the  various 
parts  and  of  finishing  the  soldered  joints. 

The  moulding  of  a  jewel  case  and  the  manufacture  of  a  mirror-back  by 
punch  and  die  are  also  described. — F.  J. 

StayboltS. — The  use  of  flexible  staybolts  is  approved  and  discussed 
by  G.  L.  Price,  t  Experience  with  the  rigid  staybolt,  threaded  on  both 
ends  and  riveted  over,  and  its  modifications,  led  to  the  conclusion  that  it 
was  not  so  much  a  question  of  quality  in  the  material  as  it  was  of  too 
much  rigidity  in  construction. 

The  strength  of  staybolts,  application  of  flexible  bolts,  and  amounts  of 
adjustment  necessitated  by  the  difference  in  the  amounts  of  expansion 
between  the  inner  and  outer  sheets  of  the  firebox  are  also  discussed. 

Examples  are  given  of  methods  for  finding  the  load  carried  by,  and  the 
force  resisted  by,  a  staybolt  of  given  dimensions. 

Instructions  are  given  regarding  the  hammer  test  and  the  arrangement 
and  distribution  of  staybolts. — F.  J. 

Staying  and  Tubing  a  Locomotive  Boiler. — A  number  of  prac- 
tical considerations  concerning  the  staying  and  tubing  of  boilers  are 
discussed.  % 

The  two  chief  methods  of  preparing  the  boilers  for  the  stays  are  :  (1) 
to  drill  or  punch  the  holes  in  the  wrapper-plate  intended  for  the  outer 
firebox  casing,  to  insert  the  inner  firebox  in  position  in  the  outer  one 
when  both  have  been  built  and  riveted  up,  and  to  mark  off  the  stayholes 
on  the  inner  box  to  correspond  with  those  in  the  outer  one  ;  (2)  to  set  out 
all  the  holes  to  dimensions  and  templets  before  the  parts  are  assembled, 
and  to  make  the  holes  before  riveting  up  the  boilers  at  seams  and  founda- 
tion ring. 

The  taps  used  for  threading  the  holes  must  have  threads  extending  so 
as  to  insure  continuity  through  both  plates.  Owing  to  the  pitch  of  the 
thread,  very  little  inaccuracy  would  result  in  stripping  of  the  threads  or 
distortion  of  the  plate. 

Mechanical  power  for  screwing  in  the  stays  has  the  disadvantage  that 
no  indication  is  given  in  the  case  of  damage  being  caused.  In  the  Wick- 
steed  rope-friction  drive,  however,  the  degree  of  sensitiveness  is  such  that 
any  undue  resistance  becomes  apparent,  and  risk  of  damage  to  stays  or 
plate  is  eliminated. 

Methods  of  detecting  slackness  of  stay,  of  obtaining  a  close  fit  between 
stay  and  copper  plate,  and  of  riveting  over  the  ends  are  given. 

Details  concerning  the  drilling  of  tube-holes  and  fitting  of  tubes  are 
also  discussed. 

*  A nierican  Machinist,  1915,  vol.  xli.  p.  1360. 

t  Mechanical  World,  1915,  vol.  Ivii.  p.  124.  J  Ibid.,  p.  17. 


344  Abst7'acts  of  Papers 

By  giving  a  slight  taper  to  the  holes,  the  outer  end  being  largest,  the 
tubes,  when  expanded,  also  act  as  stays  more  so  than  in  parallel  holes. 
Both  ends  of  the  tubes  are  expanded,  the  firebox  ends  being  also  beaded 
over  to  protect  the  tube  ends  from  the  fire  and  also  the  tube-plate  just 
round  the  holes  from  the  cutting  action  of  the  cinders. 

Copper  and  brass  tubes  must  be  fitted  with  ferrules  which  not  only 
protect  the  tube  ends  from  the  wearing  action  of  the  fire,  but  also  make 
them  stronger  and  prevent  leakages. 

All  tubes  should  be  put  in  place  before  any  are  expanded,  as  empty 
holes  adjacent  would  become  distorted  owing  to  the  spreading  of  the 
plate  caused  by  the  expanding  operation.  Expanding  should  commence 
at  the  bottom  row  of  tubes. — F.  J. 

Wire  Products  and  Wire-working  Machines. — An  illustrated 

description  is  given  by  "  E.  R.  M."  *  of  some  practical  and  commercial 
aspects  of  the  manufacture  of  articles  made  from  wire.  The  general 
conditions  of  wire-forming  are  discussed.  The  wire,  usually  in  the  form 
of  a  coil,  has  to  be  straightened  and  cut  to  length.  These  two  opera- 
tions may  be  carried  out  in  one  machine.  Afterwards  the  wire  may  be 
formed  by  hand-bending,  by  bench  or  hand-manipulated  bending-machine, 
by  special  tools  in  presses,  by  specially  arranged  or  semi-automatic 
machines,  or  by  full  automatic  wire-forming  machines. 

Typical  wire-forming  machine  principles  and  the  action  in  forming  a 
shape  are  discussed,  as  also  are  the  following :  flat-metal  forming 
machines,  sizes  and  capacities,  straighteners,  feed  mechanism  and  cut- 
off, form-holders,  forms  and  stripper. 

Illustrations  of  wire  parts  and  wire-forming  machines  are  given. — F.  J. 

Zinc  as  a  Protective  Coating  for  Iron  and  Steel. — The  hot- 
dip  galvanizing  process,  with  its  advantages  and  disadvantages,  is 
described.!  Methods  for  determining  the  weight  of  the  coating  are 
described,  the  Preece  test  in  particular.  In  this  test  the  galvanized 
piece  is  immersed  in  neutral  cojDper  sulphate  solution  of  standard  com- 
position under  standard  conditions.  A  black,  loosely  adherent  deposit 
of  copper  is  formed  on  the  zinc,  and  may  be  easily  wiped  away.  When 
all  the  zinc  has  been  replaced,  the  copper  deposits  on  the  iron  as  a  bright 
metallic  coating,  rather  hard,  and  difficult  to  remove.  If  this  appears 
before  a  certain  specified  number  of  dips,  the  parts  are  rejected. 

Electro-plating  Avith  zinc  is  described,  the  difficulty  experienced  in 
getting  a  sufficiently  uniform  deposit  on  irregularly-shaped  parts  being 
mentioned.  The  process  is,  however,  an  advance  on  the  hot-dip  method 
as  regards  the  uniformity  of  deposit  and  uniform  increase  of  dimensions, 
the  coating  being  equal  in  protective  power  to  that  from  the  hot  process. 

The  Sherardizing  process  is  also  described,  together  with  its  advantages 
and  disadvantages.  When  exposed  to  very  moist  conditions,  a  reddish 
colour,  known  as  the  curing  colour,  develops  on  a  Sherardized  article. 
This  turns  very  dark  on  continued  exposure,  and  the  protective  power  is 
not  impaired. — F.  J. 

*  Machinoy,  1915,  vol.  v.  p.  491.  f  The  Foundry,  1915,  vol.  xliii.  p.  35. 
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ELECTRO-METALLURGY  AND 
ELECTRO-CHEMISTRY. 


I. —ELECTRO-MET ALL  URGY. 

Aluminium,    Electro-metallurgy    of. — Pascal   and   Joninaux  * 

attempt  to  fill  in  the  blanks  and  reduce  contradictions  in  the  literature 
relating  to  the  electro-metallurgy  of  aluminium. 

They  have  worked  out  the  constitutional  diagram  of  cryolite-alumina 
up  to  35  per  cent,  alumina,  of  cryolite-potassium  fluoride  and  of  potas- 
sium fluoride-alumina  up  to  30  per  cent,  alumina,  and  in  addition  the 
diagram  for  the  ternary  mixture. 

All  these  series  are  eutectiferous,  the  ternary  eutectic  having  a  melt- 
ing point  of  868°  C,  and  a  composition  of:  cryolite,  59"3  per  cent.; 
alumina,  17"7  per  cent. ;  potassium  fluoride,  23  per  cent. 

The  densities  of  these  materials  were  also  investigated,  and  a  very 
considerable  increase  in  the  density  of  cryolite  just  above  its  melting 
point  was  found. — J.  L.  H. 


U.— ELECTRO-CHEMISTRY. 

Aluminium,  Electrolytic  Insulation   of. — The  "  valve  action  " 

of  aluminium  anodes  is  used  by  C.  E.  Skinner  and  L.  W.  Chubb  t  as  a 
means  of  producing  an  insulating  coating  on  aluminium  wires.  The 
wire  passes  continuously  through  a  series  of  tanks,  of  which  the  first 
and  last  contain  hot  water  for  washing  and  the  middle  three  electro- 
lyte, a  solution  of  sodium  silicate  being  found  to  give  the  best  results. 
A  drop  of  potential  of  425  volts  is  used.  The  speed  varies  from  40  to 
50  feet  per  minute  for  different  sizes  of  wire,  and  the  consumjition  of 
energy  is  from  0*15  to  0-80  watt-hour  per  square  inch  of  surface  treated. 
The  coating  thus  produced  is  white,  and  rather  smooth  to  the  touch, 
but  so  abrasive  as  to  cut  the  fingers.  Two  such  wires  twisted  tightly 
together  will  stand  from  200  to  500  volts.  The  film,  which  is  from 
0-0025  to  0-01  mm.  thick,  is  quite  flexible,  and  is  not  injured  by  sharp 
bends.     A  soft  wire  may  be  elongated  30  per  cent,  without  breaking 

*  Revue  de  Mitallurgie,  1914,  vol.  xi.  No.  10. 

t  Transactions  of  the  Ainerican  Electro-chemical  Society ,  1914,  vol.  xxvi.  p.  137. 
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down  the  insulation,  and  two  wires  at  a  potential  difference  of  250  volts 
may  be  pressed  together  until  deeply  dented  at  the  junction,  but  rub- 
bing contact  immediately  destroys  the  insulation.  The  film  has  suffi- 
cient mechanical  strength  to  support  the  wire  in  small  coils  even  when 
the  metal  is  heated  above  the  melting  point. — C.  H.  D. 

Copper  Electrode,  Reproducibility  of. — The  irregular  results 

obtained  in  measurements  of  electromotive  force  with  copper  electrodes 
have  been  investigated  by  F.  H.  Getman.*  The  method  consisted  in 
using  three  dilFerent  concentration  cells,  the  first  two  having  each  a 
mercury-mercury  sulphate  electrode  and  a  copper  electrode  in  copper 
sulphate,  two  different  concentrations  of  the  latter  being  used.  Polished, 
hammered,  and  annealed  specimens  of  copper  wire  gave  very  variable 
potentials,  and  constant  values  were  only  obtained  by  the  use  of  spongy 
copper  electrodes.  These  are  prepared  by  depositing  copper  on  platinum 
wires  from  a  375  per  cent,  solution  of  copper  sulphate,  using  a  current 
density  of  about  2  amperes  per  square  centimetre.  This  deposit  is  then 
washed  successively  with  water,  alcohol,  and  ether. 

It  was  shown  that  occluded  gases  do  not  play  a  part  in  the  behaviour 
of  this  form  of  electrode.  The  view  is  taken  that  the  spongy  copper 
represents  the  only  form  stable  at  the  ordinary  temperature,  and  that 
other  kinds  of  copper  are  metastable.  This  conclusion  is  based  on  the 
work  of  Cohen  and  Helderman  on  the  allotropy  of  copper.  Evenly 
deposited  electrolytic  copper  is  under  strain,  and  is  thus  metastable. 

— C.  H.  D. 

Copper,  Film  on  Anodes  in  Cyanide  Solutions. — It  is  shown 

by  W.  Lash  Miller  j  that  copper  anodes  in  a  bath  containing  copper 
cyanide  soon  become  coated  with  a  yellowish-green  deposit  of  high 
resistance.  The  composition  and  appearance  of  the  deposit  vary  greatly 
with  the  composition  of  the  electrolyte. — C.  H.  D. 

Copper,  Impurities  in  Cathodes. — The  sources  of  these  impurities 
have  been  examined  by  L.  Addicks.J  Gold  and  silver,  when  present, 
come  from  anode  slime  carried  over  mechanically.  Their  quantity 
increases  with  the  current  density.  The  proportion  cannot  be  deter- 
mined by  drilling  the  cathodes,  as  a  smooth  portion  is  usually  selected, 
whilst  the  slime  forms  nuclei  around  which  nodules  grow.  Broken 
nodules  may  contain  ten  times  as  much  precious  metal  as  drillings.  The 
analysis  should  therefore  be  made  on  remelted  copper. 

Arsenic,  which  has  a  serious  effect  on  the  conductivity  of  the  cathodes, 
conies  partly  from  slimes,  but  mainly  from  inclusions  of  electrolyte,  and 
its  quantity  increases  in  proportion  to  the  quantity  in  the  latter.  Nickel 
appears  in  larger  quantity  than  can  be  accounted  for  by  inclusions  of 
electrolyte,  and  it  must  be  deposited  with  the  copper.  Nickel  tends  to 
be  deposited  more  freely  when  the  electrolyte  contains  arsenic. — G.  H.  D. 

*  Transactions  of  the  American  Electro-chemical  Society ,  1914,  vol.  xxvi.  p.  67. 
t  Ibid.,  p.  63.  X  Ibid.,  p.  51. 
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Electrochemical  Investigation. — In  a  symposium  on  this  sub- 
ject *  various  forms  of  simple  apparatus  suitable  for  experimental  work 
were  described.  F.  A.  J.  Fitzgerald  exhibited  a  transformer  set,  with 
four  transformers,  with  100  volts  primary  and  10  volts  secondary.  By 
means  of  a  rheostat  the  voltage  of  the  primary  circuit  may  be  varied. 
It  is  possible  to  adjust  the  temperature  of  an  electric  furnace  accurately 
in  this  way. 

L.  E.  Saunders  described  an  inexpensive  mufile  furnace  constructed  of 
bricks,  the  heater  being  an  Acheson  graphite  plate  with  saw-cuts  alter- 
nately on  opposite  sides.  A  temperature  of  2000°  to  2500°  C.  requires 
an  expenditure  of  12  to  20  kilowatts,  and  one  plate  will  last  for  five  or 
six  experiments  of  moderate  length. 

A  second  furnace  was  also  described,  consisting  of  a  carbon  tube  5  feet 
long,  and  2  inches  outside  and  \^  inch  inside  diameter,  which,  when 
supplied  with  current  at  60  volts,  heats  rapidly  to  2000°  C,  taking  a 
maximum  of  1600  amperes.  The  contacts  are  made  of  graphite  blocks, 
bored  out  rather  larger  than  the  tube,  and  packed  tightly  with  soft, 
powdered  graphite. 

J.  B.  Glaze  described  the  construction  of  small  crucible  furnaces, 
winding  nichrome  wire  on  an  alundum  core,  covering  with  alundum 
cement,  and  packing  with  kieselguhr  in  an  iron  casing. 

A.  T.  Hinckley  described  the  method  of  measuring  the  resistance  of 
electrode  joints,  by  comparing  the  potential  drop  in  a  given  length, 
including  a  joint,  with  that  of  an  equal  length  of  electrode  without  a 
joint.  He  also  described  the  "  Vitricarbo  "  refractory  materials,  which  are 
of  carbon  with  a  vitrifying  ash.  These  materials  are  very  little  attacked 
in  the  absence  of  oxidizing  conditions.  The  material  has  been  used  in 
the  construction  of  a  small  Stassano  furnace. 

E.  R.  Cole  described  the  accurate  machining  of  Acheson  graphite. 
Graphite  points  may  be  used  in  place  of  platinum  on  delicate  instruments 
and  relays,  copper  plating  being  used  to  allow  of  soldering. 

0.  Dantsizen  described  a  resistance  furnace  wound  with  molybdenum 
wire.  The  wire  is  wound  on  threaded  alundum  tubes,  and  there  should 
not  be  a  drop  of  more  than  1  volt  per  2'5  millimetres  between  turns  of 
the  wire.  A  current  of  hydrogen  must  be  maintained,  and  1700°  C. 
may  be  reached  with  an  hour's  heating  with  constant  current,  the 
voltage  being  gradually  raised.  The  resistance  of  molybdenum  is  4'1 
microhms  per  cubic  centimetre  at  0°  C.,  and  8"5  times  as  much  at 
1700°  C.  Six  watts  per  square  centimetre  of  heating  surface  should 
be  allowed  for  this  temperature. — C.  H.  D. 

Fume  Precipitation. — The  Cottrell  process  is  described  by  P.  E. 
Landolt.f  A  high-tension  current  at  20,000  or  even  100,000  volts, 
rectified  by  means  of  a  synchronous  switch,  is  led  to  a  series  of  wires 
suspended  in  earthed  pipes,  up  to  18  inches  diameter.  The  wires  are 
preferably  negatively  charged.     The  plant  is  used  for  zinc  fume,  cement 

*  Transactions  of  tite  American  Electro-chemical  Society,  1914,  vol.  xxvi.  p.  227. 
t  Ibid, ,  p.  255. 
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dust,  slime  furnace  fume  from  electrolytic  refineries^  and  tin  and  lead 
fumes,  and  also  for  dust  from  many  kinds  of  factories.  High  tempera- 
tures (1000°  C.)  do  not  appear  to  alter  the  efficiency.— C.  H.  D. 

Kinematographic  Pictures  of  Electrolysis. — Films  have  been 

prepared  by  H.  A.  Mliller  *  showing  the  growth  of  electrolytically  depo- 
sited metals.  The  electrolysis  takes  place  in  a  narrow  trough,  brightly 
illuminated  and  placed  before  a  dark  background.  Lead,  zinc,  silver, 
and  tin  crystallites  give  good  results  by  this  method,  dendritic  forms 
being  obtained. — C.  H.  D. 

Lead,  Deposition  of. — Further  experiments  by  F.  C.  Mathers  f 
show  that  acetate  baths  may  be  used  for  the  deposition  of  lead,  pro- 
vided that  suitable  additions  are  made.  Ammonium  perchlorate  must 
be  present.  The  best  baths,  yielding  smooth,  coherent  deposits,  contain 
in  each  litre  100  grammes  of  lead  acetate,  40  grammes  of  ammonium 
perchlorate,  25  to  50  cubic  centimetres  of  glacial  acetic  acid,  and  one  or 
other  of  the  additions  mentioned  below. 

Poplar  wood  sawdust,  or  the  sawdust  from  certain  other  woods,  but 
not  pine,  if  boiled  with  water,  gives  an  extract  which  yields  a  firm, 
crystalline,  but  uneven  deposit.  For  thick  deposits  the  sawdust  should 
be  extracted  with  glacial  acetic  acid  instead  of  water.  Aloes  residue 
(obtained  in  the  extraction  of  aloin),  dissolved  in  strong  acetic  acid, 
gives  the  best  results. 

It  is  also  found  by  F.  0.  Mathers  and  B.  W.  Cockrum  J  that  lead 
lactate  and  lead  formate  baths  yield  smooth,  firm,  crystalline,  but  rather 
brittle  deposits.  In  this  case  also,  the  addition  of  ammonium  per- 
chlorate and  aloes  is  necessary.  Thick  deposits  are  easily  obtained  at 
low  current  densities.  The  only  substitute  so  far  found  for  ammonium 
perchlorate  is  sodium  napthalenesulphonate.  The  quantity  of  crude 
aloes  required  is  about  2  "8  lb.  per  ton  of  lead. — C.  H.  D. 

Over- voltage. — An  experimental  and  theoretical  study  of  this  sub- 
ject by  E.  Newbery  §  leads  to  the  conclusion  that  when  an  acid  solution 
is  electrolyzed  with  metal  electrodes,  the  gas,  before  liberation,  penetrates 
into  the  metal  and  then  escapes,  tearing  open  the  surface.  This  can  be 
observed  directly,  smooth  cathodes  of  zinc,  copper,  or  platinum  becoming 
pitted,  the  pits  having  a  crater-like  form.  The  current  densities  used 
were  high  (1  to  2  amperes  per  square  centimetre).  Colloid,  when 
present,  penetrates  into  these  pores.  Hydrogen  liberated  during 
electrolysis  is  positively  charged,  and  greatly  lowers  the  over- voltage  at 
high  current  densities.  Oxygen,  also  liberated  from  acid  solution,  is 
also  positively  charged,  and  thus  has  little  effect  on  the  surface  of 
similar  charge.     The  over- voltage  of  a  metal  is  much  smaller  when  the 

*  Elektrochemische  Zeitschrift,  1915,  vol.  xxi.  p.  243. 

t  Transactions  of  the  American  Electro-chemical  Society,  1914,  vol.  xxvi.  p.  99. 

+  Ibid. ,  p.  117. 

§  Transactions  of  the  Chemical  Society,  1914,  vol.  cv.  p.  2419. 
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metal  is  being  deposited  than  when  hydrogen  is  being  liberated.  An 
external  pressure  of  100  atmospheres  is  practically  without  effect.  The 
presence  of  a  colloid  raises  the  hydrogen  over-voltage  and  lessens  the 
ionization  of  the  gas,  but  has  much  less  effect  when  metal  is  being 
deposited. 

The  following  explanation  is  offered.  The  metal  is  permeable  to 
ionized  gas,  but  not  to  gas  in  the  molecular  condition,  with  which  the 
metal  thus  becomes  supersaturated.  Deficiency  or  excess  of  non-hydrated 
ions  in  the  neighbourhood  of  the  electrode  also  has  some  effect.  The 
escaping  ionized  gas  bubbles  exert  an  inductive  effect  on  the  electrode, 
which  is  small  at  low  current  densities,  but  at  high  current  densities  may 
be  so  large  as  to  reduce  the  over-voltage  to  a  negative  value. — C.  H.  D. 

Silver  Voltameter,  Errors  of. — The  errors  due  to  the  inclusion  of 
electrolyte  in  the  silver  deposited  in  the  voltameter  had  been  carefully 
investigated  by  T.  W.  Richards  and  F.  0.  Anderegg.*  The  correction 
is  important,  as  it  affects  the  values  of  the  electro-chemical  equivalent, 
and  of  the  standard  cell,  and  all  ratios  of  atomic  weights  determined  by 
electro-chemical  methods.  The  quantity  of  material  included  varies 
with  the  surface  and  with  the  roughness  of  the  cathode.  In  these 
experiments  it  varies  from  0*004  to  0-035  per  cent,  of  the  weight  of  the 
silver.  After  its  removal  by  ignition  to  redness,  the  residual  silver  is  of  a 
high  degree  of  purity.  Part  of  the  impurity  is  included  in  the  crystals, 
and  part  between  the  crystals  and  the  surface  of  the  cathode. 

In  a  further  paper  f  the  authors  show  that  the  ignited  cathode  deposit 
may  sometimes  be  too  heavy,  owing  to  metastably  dissolved  silver, 
possibly  in  the  form  of  an  argentous  compound.  Various  forms  of 
instrument  have  been  tested  with  a  view  to  avoiding  this  difficulty. 
The  best  results  are  obtained  by  using  a  small  porous-cup  voltameter 
with  a  highly  burnished  cathode  and  pure  electrolyte,  the  deposit  being 
ignited  at  incipient  redness. 

The  influence  of  the  porous  cup  in  this  type  of  instrument  has  been 
examined  in  detail  by  G.  A.  Hulett  and  G.  W.  Vinal.J — C.  H.  D. 

Tin,  Electro-deposition  of. — Experiments  by  F.  C.  Mathers  and 
B.  W.  Cockrum§  failed  to  give  satisfactory  deposits  of  tin  by  plating 
from  baths  containing  tin  salts  of  mineral  acids.  The  best  deposits  were 
obtained  from  stannous  fluoborate  saturated  with  clove  oil  or  containing 
O'l  per  cent,  of  digitalin,  or  from  stannous  perchlorate  containing  O'l 
per  cent,  of  phloridzin.  These  deposits  were  firm  and  adherent,  but 
very  crystalline. — C.  H.  D. 

Welding",  Electro-percussive. — A  process  of  welding  is  described 

by  C.  E.  Skinner  and  L.  W.  Chubb  ||  depending  on  the  combination  of 
percussion  with  a  discharge  from  a  condenser.     The  two  wires  are  held 

*  Journal  of  the  American  Chemical  Society ,  1915,  vol.  xxxvii.  p.  1.       f  Ibid.,  p.  675. 
J  Journal  of  Physical  Chemistry ,  1915,  vol.  xix.  p.  173. 

§   Transactions  of  the  A  tnerican  Electro-chemical  Society  ^V-iW,  vol.  xxvi.  p.  133. 
II  Ibid.,  p.  149. 
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in  grips,  connected  with  the  terminals  of  an  electrolytic  condenser 
through  an  inductance  of  from  two  to  ten  turns.  A  spring  switch  is 
used,  so  that  when  closed  there  is  no  difference  of  potential  between  the 
two  wires.  Long  flexible  cables  are  used  so  that  the  welding  tool  is 
portable.  The  trimmed  ends  of  the  wires  being  brought  near  to  one 
another,  the  switch  is  opened  so  that  the  condenser  is  charged.  The 
release  of  a  catch  then  allows  a  weight  to  fall,  and  this  brings  the  two 
wires  into  contact,  the  short  circuit  current  of  the  condenser  brings 
about  an  explosive  discharge  which  melts  the  ends  of  the  wires  at  the 
same  time  that  the  ends  are  hammered  together  by  the  falling  weight. 
The  effect  is  produced  so  suddenly  that  differences  of  conductivity  or 
melting  point  between  the  wires  are  without  influence.  The  wires  are 
preferably  cut  with  chisel  edges,  and  set  so  that  the  two  chisel  edges  are 
at  right  angles  to  one  another,  giving  a  high  resistance  at  the  point  of 
contact.  Oscillograph  curves  are  given,  showing  the  changes  of  current 
and  voltage  during  the  operation.  Aluminium  makes  a  good  weld  with 
copper,  without  any  sign  of  brittleness.  When  single  metals  are  welded, 
no  dividing  line  is  seen  in  the  section,  but  welds  between  different 
metals  show  a  sharp  line  of  division,  with  little  or  no  indication  of 
diffusion.  The  method  is  specially  useful  for  welding  aluminium  to 
copper,  but  even  such  different  metals  as  platinum  and  tin  may  be 
united.  Tungsten  may  be  welded,  either  to  itself  or  to  softer  metals, 
but  a  heavy  blow  is  required  on  account  of  its  hardness.  The  method  is 
useful  in  making  thermocouples,  as  well  as  for  many  technical  purposes. 
— C.  H.  D. 
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I.— METHODS  OF  ANALYSIS. 

Analyses  of  Tungsten. — The  methods  of  determining  the  impuri- 
ties in  metallic  tungsten  are  fully  considered  by  H.  Arnold.*  Silicon 
is  mostly  present  as  oxide,  and  is  estimated  by  volatilization  with  hydro- 
fluoric acid  after  conversion  of  the  tungsten  into  tungstic  acid.  A  deep 
platinum  crucible  must  be  used,  otherwise  tungsten  is  lost  in  fine  dust. 
In  another  method  an  alkaline  solution  of  tungstic  acid  is  mixed  with 
tartaric  acid  and  acidified  with  formic  or  oxalic  acid.  The  solution  is 
evaporated  to  dryness,  dried  at  120°  C,  and  digested  with  hot  water 
until  all  tungsten  is  dissolved  and  silica  remains. 

Arsenic  is  precipitated  by  magnesia  mixture ;  but  the  precipitate 
always  contains  tungsten,  so  is  distilled  with  hydrochloric  acid  and 
cuprous  chloride.  Phosphorus  is  estimated  in  a  part  of  the  magnesia 
precipitate  by  evaporating  with  hydrobromic  acid  to  remove  arsenic,  and 
then  re-precipitating. 

Sulphur  is  precipitated  from  concentrated  solution  as  barium  sulphate  in 
presence  of  nitric  and  oxalic  acids.  The  precipitate  is  washed  with  dilute 
hydrochloric  acid  after  ignition.  When  the  tungsten  is  in  powder,  the 
sulphur  is  best  estimated  by  dry  combustion,  passing  the  gas  into  sodium 
hydroxide  and  bromine.  Carbon  in  powder  may  also  be  estimated  by 
combustion ;  but  for  massive  metal  electrolytic  solution  with  low  current 
density  must  be  used,  the  anode  residue  being  submitted  to  combustion. 
A  few  analyses  of  commercial  brands  of  tungsten  are  given  : 


I, 

II. 

III. 

IV. 

V. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Silicon 

0-02 

0-03 

0-009 

0-004 

0-42 

Phosphorus .... 

0-006 

0  015 

0-025 

0-001 

0-10 

Arsenic          .... 

0-0042 

0-007 

0-012 

Sulphur         .... 

0-03 

0  015 

0-043 

Carbon          .... 

0-()7 

0-015 

0-057 

0-012 

0-13 

-C.  H.  D. 
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Cerium  and  Cerium  Alloys. — The  total  carbon  is  best  determined 
in  these  alloys,  according  to  H.  Arnold,*  by  wet  combustion  with  chromic 
acid,  after  treatment  of  the  metal  with  copper  sulphate.  For  free  carbon, 
the  metal  is  treated  with  cupric  chloride,  followed  by  heating  with  ferric 
chloride  and  hydrochloric  acid  to  decompose  carbides.  The  residue  is 
collected  on  asbestos,  and  determined  by  wet  combustion.  For  phos- 
phorus, the  nitric  acid  solution  is  precipitated  as  oxalate,  the  filtrate  is 
evaporated,  treated  with  nitric  acid  to  remove  oxalic  acid,  and  pre- 
cipitated with  molybdate. — C.  H.  D. 

Copper  in  Cupellation. — In  view  of  the  fact  that  copper  oxide  is 
absorbed  by  the  cupel  in  presence  of  an  excess  of  lead  oxide,  but  not 
alone,  J.  C.  J.  Cunningham  f  has  investigated  the  properties  of  mixtures 
of  the  two  oxides.  Chemical  combination  does  not  take  place.  The 
freezing  point  of  lead  oxide  is  875°  C,  and  is  lowered  by  addition  of 
copper  oxide,  the  eutectic  mixture  freezing  at  698°  C. — C  H.  D. 

Copper-Tin- Silicon  Alloys. — For  copper-tin-silicon  alloys  insoluble 
in  nitric  acid,  E.  D.  Koepping  X  introduces  the  following  method  : — 

Silicon. — Dissolve  0*5  gramme  in  aqua  regia,  boil  to  decompose,  add 
strong  sulphuric  acid  and  boil  until  sulphuric  anhydride  fumes  are 
evolved ;  cool,  dilute,  boil,  and  filter ;  wash  residue,  ignite,  and  weigh 
as  silica. 

Tin. — Collect  filtrate  from  above  in  200  cubic  centimetres  flask,  make 
up  to  mark  when  cool,  and  transfer  100  cubic  centimetres  to  conical 
flask.  Add  0'15  gramme  finely-powdered  antimony  dissolved  in  5  cubic 
centimetres  strong  sulphuric  acid,  35  cubic  centimetres  strong  hydro- 
chloric acid,  and  1  gramme  iron  filings.  Boil  until  nearly  all  iron  is 
in  solution,  and  pass  CO2  through  boiling  solution,  using  special  stopper. 
When  all  iron  is  in  solution  and  reduction  is  complete,  cool,  add  starch 
solution,  and  titrate  below  40°  C.  with  N/10  iodine  solution  standardized 
against  pure  tin. 

The  3-way  stopper  has  one  hole  connected  to  the  COo  generator, 
one  to  a  flask  of  sodium  bicarbonate  solution  acting  as  a  seal,  and  one 
closed  with  a  glass  plug  until  ready  for  titration. 

Copper. — Render  the  other  100  cubic  centimetres  portion  alkaline 
with  ammonia,  acidify  with  nitric  acid,  and  digest  for  1  hour.  Filter 
off  stannic  acid,  wash  precipitate,  add  5  cubic  centimetres  sulphuric  acid 
and  boil  until  white  fumes  escape  ;  cool,  dilute  with  water,  neutralize 
with  ammonia,  add  nitric  and  sulphuric  acids,  and  determine  copper  by 
electrolysis. — F.  J. 

Determination  of  Copper  in  Babbitt   Metal.— A  method  for 

determining  the  copper  in  Babbitt  metals  is  described  by  E.  W.  Hag- 
maier.§     Place   1   gramme  material  in  a  250  c.c.  beaker,  with   15  c.c. 

*  Zeitschrift fiir  analytische  Chernie,  1914,  vol.  liii.  p.  678. 

t  Zeitschrift  fiir  anorganische  Chemie,  1914,  vol.  Ixxxix.  p.  48. 

X  Journal  of  Indu'itrial  and  Engineering  Cheinistry,  1914,  vol.  vi.  p.  695. 

§  Metallurgical  and  Chemical  Engineering,  December  1914,  vol.  xii.  (12),  p.  753. 


J 


Methods  of  Analysis,  Physical  Tests,  Pyrometry  353 

hot  water  and  sufficient  tartaric  acid  to  hold  all  tin  and  antimony  in 
solution,  add  5  c.c.  nitric  acid,  and  boil  until  the  alloy  is  dissolved. 
When  solution  is  complete,  cool,  add  5  c.c.  sulphuric  acid,  and  boil 
until  all  nitric  acid  is  expelled.  Cool,  add  50  c.c.  water,  allow  lead 
sulphate  to  settle,  filter,  and  wash  with  2  per  cent,  sulphuric.  Make  up 
the  filtrate  to  400-500  c.c,  add  1-2  c.c.  hydrochloric  acid,  and  throw 
out  copper  by  placing  in  the  liquid  a  strijj  of  aluminium  free  from 
copper.     Filter  off,  and  determine  by  titration  or  electrolysis. — S.  L.  A. 

Electrolytic  Separations  in  Hydrofluoric  Acid  Solutions. — 

A  method,  particuLirly  suitable  for  u.se  with  white  metals,  is  described 
by  L.  W.  JNlcCay.  *  The  solvent  used  is  a  mixture  of  25  to  50  cubic 
centimetres  of  dilute  nitric  acid  (1:4)  with  5  cubic  centimetres  of  48  per 
cent,  hydrofluoric  acid  or  less,  using  a  platinum  vessel.  Alloys,  however 
rich  in  tin  or  lead,  dissolve  to  a  clear  solution.  The  oxidation  of  the 
antimony  is  completed  by  adding  a  saturated  solution  of  potassium 
dichromate  drop  by  drop  until  the  green  colour  of  the  warm  solution 
becomes  somewhat  yellow.  The  chromium  does  not  interfere  with  the 
subsequent  separation.  The  electrolysis  is  performed  in  a  platinum 
basin  with  a  platinum  spiral  anode.  In  presence  of  tin,  a  little  platinum 
is  dissolved  and  dei)0sited  on  the  cathode,  and  is  recovered  when  the 
copper  is  redissolved  in  nitric  acid.  The  quantity  is  small,  and  is  easily 
estimated,  but,  if  preferred,  the  effect  may  be  avoided  by  coating  the 
anode  with  a  film  of  lead  peroxide.  Antimony,  if  present,  must  always  be 
in  the  higher  state  of  oxidation.  Lead  may  be  precipitated  as  jjeroxide 
on  a  platinum  dish  Avith  roughened  surface,  using  plenty  of  nitric  acid, 
but  the  results  are  always  high,  and  it  is  advisable  to  redissolve  the 
peroxide,  and  either  re-deposit  electrolytically,  or  convert  to  sulphate. 
The  method  is  very  satisfactory  with  white  metals. — C.  H.  D. 

Electrometric  Titrations. — The  change  in  potential  at  the  end  of 
a  titration  has  been  used  l)y  several  workers  in  place  of  an  indicator. 
H.  Ziegel  f  makes  the  process  of  titrating  an  iron  solution  with  dichromate 
automatic  by  placing  the  dichromate  in  a  beaker,  stirring  with  a  platinum 
disc  as  oxygen  electrode,  and  connecting  with  a  calomel  electrode.  The 
ferrous  .solution  is  delivered  from  a  burette,  and  a  relay  is  placed  in  the 
potential  circuit  instead  of  a  galvanometer.  The  relay  is  connected  with 
the  tap  of  the  burette  by  a  device  which  opens  the  tap  when  the  initial 
potential  of  the  dichromate  solution  is  reached,  and  closes  it  at  the  end 
point. 

Electrometric  titration  is  specially  recommended  for  very  dilute  chloride 
solutions,  for  which  the  chromate  indicator  gives  uncertain  results. 

— C.  H.  D. 

Lead  in  Tin. — In  order  to  avoid  the  inaccuracies  caused  by  attacking 
tin  with  nitric  acid  and  then  estimating  the  lead,  the  following  method 

*  Journal  of  the  American  Chemical  Society,  1914,  vol.  xxxvi.  p.  2375. 

t  Transactions  of  the  American  Electro-chemical  Society ,  1914,  vol.  xxvi.  p.  91. 
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is  proposed  by  P.  Breteau  and  P.  Fleury :  *  The  metal  is  fused  with 
sodium  carbonate  and  sulphur,  lead  and  copper  sulphides  remaining 
insoluble  after  extraction  with  boiling  water.  The  residue  is  dissolved 
in  hydrochloric  acid  with  the  aid  of  bromine,  iron  is  reduced  by  sulphur- 
ous acid,  and  the  solution  is  made  alkaline  with  potassium  hydroxide 
and  cyanide.  Sodium  sulphide  then  precipitates  only  lead.  The  lead 
sulphide  is  converted  into  nitrate  by  evaporating  twice  with  nitric  acid, 
heating  to  150°  after  each  evaporation.  The  nitrate  is  then  dissolved 
in  water  with  a  little  sodium  acetate,  and  poured  slowly  into  a  measured 
volume  of  standard  potassium  dichromate  solution.  After  filtering,  the 
excess  of  dichromate  in  the  filtrate  is  estimated  volumetrically. 

— C.  H.  D. 

Litharge,  Platinum  in. — Determinations  of  the  precious  metals, 
including  platinum,  in  assay  litharge  have  been  made  by  F.  Michel. t 
The  buttons  from  500  grammes  of  each  sample  were  scorified,  and  the 
buttons  cupelled.  In  the  table,  the  quantities  are  expressed  as  milli- 
grammes i)er  kilogramme — a  being  the  quantity  found  in  each  button, 
and  I)  the  quantity  found  in  the  litharge  formed  during  scorification  : 


i 

Platinum. 

Gold. 

Sil 

/er. 

a. 

h. 

a.                   h. 

a. 

b- 

Freiburg 
Frankfurt-ani-    \ 
Main                ( 
Mill  he  ill!     . 

0-417 
0-350 
0111 

0  123 
0-060 
0-034 

0-916      !      0-200 
1-950           0-362 
0-666           0-142 

25-33 
11-22 
10-00 

5-99       ' 

2-67 

2-45 

-C.  H.  D. 


Nickel,  Electrolytic  Estimation  of.— Improvements  on  the  usual 
method  are  proposed  by  W.  J.  Marsh. J  The  deposit  obtained  from 
oxalate  solutions  is  very  commonly  too  heavy,  owing  to  dejjosition  of 
carbon  compounds.  As  this  is  due  in  the  first  instance  to  the  formation 
of  carbon  dioxide  at  the  anode,  the  addition  of  reducing  agents  has  been 
tried,  but  witliout  success.  When  sodium  sulphite  is  used  with  nickel 
sulphate  and  ammonium  oxalate,  reduction  to  nickel  suljihide  takes 
place,  and  this  sometimes  forms  adherent  deposits  of  entirely  metallic 
appearance.  The  best  method  was  found  to  be  the  well-known  arn- 
moniacal  sulphate  method,  nitrates  and  chlorides  being  absent.  Rotating 
copper  gauze  cathodes  are  used,  with  a  platinum  gauze  flag  anode.  The 
temperature  is  that  of  the  room.  In  the  discussion,  it  was  pointed  out 
that  nickel  gauze  cathodes  are  better  than  copper,  and  that  rotation  is 
unnecessai'y.     In  this  simple  form  the  method  is  in  common  use. 

— C.  H.  D. 

*  Journal  de  Phartiiacie  et  de  C/iimie,  1914  [vii.],  vol.  x.  pp.  147,  2t'5. 

t  Cheiniker-Zeitung,  1915,  vol.  .x.xxix.  p.  6. 

X  Transactions  of  (he  American  Electro-chemical  Society ,  1914.  vol.  xxvi.  p.  79. 
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Nickel  Silver,  Rapid  Analysis. — The  following  methods  of  rapid 

approximate  analysis,  sufficiently  accurate  for  technical  purposes,  are  given 
by  A.  J.  Crofts.*  It  is  stated  that  a  complete  analysis  of  nickel  silver, 
giving  the  elements  tin,  lead,  copper,  iron,  manganese,  nickel,  and  zinc, 
can  be  completed  on  one  sample  in  six  hours.  In  order  to  obtain  the 
greatest  saving  of  time,  the  determinations  should  be  carried  out  in  the 
order  given. 

Two  grammes  of  the  sample  are  treated  with  75  cubic  centimetres  of 
50  per  cent,  nitric  acid  in  a  beaker,  and  the  solution  is  evaporated  until 
greasy  drops  form  on  the  sides  of  the  vessel,  when  the  solution  is  made 
up  to  200  cubic  centimetres  with  water,  and  allowed  to  stand  for  fifteen 
minutes.  After  this  the  tin  is  filtered  off,  and  weighed  as  vSnOv,.  The 
filtrate  and  washings  are  carefully  made  up  to  500  cubic  centimetres 
with  hot  water,  and  this  is  used  as  a  stock  solution  for  the  subsequent 
analyses. 

For  the  determination  of  lead,  100  cubic  centimetres  are  pipetted  out 
and  transferred  to  a  7-inch  porcelain  basin,  25  cubic  centimetres  of 
strong  H.jSOj  added,  and  the  solution  evaporated  to  fuming.  It  is  then 
allowed  to  cool,  100  cubic  centimetres  of  water  are  added,  and  placed  on  one 
side  for  fifteen  minutes  ;  the  filtrate  of  lead  sulphate  is  filtered  off  and  esti- 
mated in  the  usual  way.  The  filtrate  is  made  up  to  200  or  400  cubic 
centimetres,  and  used  for  estimation  of  iron,  aluminium,  nickel,  zinc,  and 
manganese.  From  this  new  solution  two  portions  are  taken — one  of 
100  cubic  centimetres  and  the  other  of  110  cubic  centimetres.  To  each 
10  cubic  centimetres  of  a  10  per  cent,  solution  of  ammonium  sulpho- 
cyanide  and  20  cubic  centimetres  of  a  saturated  solution  of  sulphur 
dioxide  is  added,  and  the  solutions  boiled  until  all  smell  of  SO2  disap- 
pears. The  filtrate  of  copper  sulphocyanide  can  be  neglected.  To  the 
boiling  solutions  1 5  cubic  centimetres  of  strong  nitric  acid  are  added,  and 
boiling  is  continued  until  there  is  no  further  evolution  of  nitrous  fumes. 
From  this  point  the  two  solutions  are  treated  differently.  To  the  original 
100  cubic  centimetres  solution  about  5  grammes  of  ammonium  chloride 
and  excess  of  ammonia  is  added.  Iron  is  precipitated  as  oxide,  filtered 
off,  and  ignited.  If  it  is  suspected  that  aluminium  is  present  this  is 
found  in  the  iron  oxide  precipitate,  from  which  it  is  extracted  by  fusion 
with  NaOH  in  a  silver  crucible. 

To  the  filtrate  from  the  first  iron  precipitation  a  1  per  cent,  solution 
of  dimethylglyoxime  is  added  in  slight  excess.  Nickel  is  precipitated 
as  a  scarlet,  bulky  precipitate,  and  filtered  off  through  a  Gooch  crucible. 
The  filtrate  is  evaporated  to  half  bulk,  made  just  acid  with  HCl,  and 
excess  of  ammonium  phosphate  is  added.  The  solution  is  boiled  for  five 
minutes,  when  the  precipitate  is  filtered  off",  ignited,  and  weighed  as 
Zn.,P,0,. 

For  the  estimation  of  manganese,  the  110  cubic  centimetre  portion  is 
taken,  20  cubic  centimetres  of  strong  nitric  added,  and  then  1  gramme 
of  sodium  bismuthate.  The  solution  is  boiled  for  three  minutes  and 
cooled  to  room  temperature,  and  any  precipitate  cleared  with  a  few  drops 

*  The  Metal  Industry ,  March  1915,  vol.  vii.  p.  90. 
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of  sulplmrous  acid.  Three  grammes  of  sodium  bismuthate  are  then 
added,  with  shaking,  and  the  precipitate  filtered  otF.  The  filtrate  is 
titrated  with  a  centinormal  solution  of  ferrous  ammonium  sulphate  in 
5  per  cent,  sulphuric  acid.  Each  cubic  centimetre  of  this  solution  con- 
sumed represents  0-0 1  per  cent,  of  manganese  in  the  sample. 

The  copper  is  estimated  on  tw'o  lots  of  the  original  stock  solution  by 
the  commonly  used  volumetric  method,  using  potassium  iodide. 

It  is  stated  that  for  rapid  analysis  pulp  filters  should  be  used  throughout. 
The  method  can  also  be  applied  to  Monel  metal  and  common  brass. — D.  H. 

Platinum,  Analysis  of. — Detailed  schemes  for  the  complete  ana- 
lysis of  platinum  are  given  by  F.  Mylius  and  A.  Mazzuchelli.*  Two 
.schemes  are  described  for  "  commercial "  and  "  nominally  pure " 
platinum  respectively.  To  distinguish  between  the  two  varieties,  01 
gramme  of  the  metal  is  dissolved  in  aqua  regia,  evaporated  with  sodium 
chloride,  the  residue  dissolved  in  10  cubic  centimetres  of  water,  heated 
with  0'02  gramme  of  sodium  carbonate,  cooled,  mixed  with  one  or  two 
drops  of  sodium  hypobronute  solution,  and  again  warmed.  Should  the 
solution  remain  clear  and  orange  in  colour,  the  platinum  is  "  nominally 
pure,"  but  a  dark  colour  and  a  blue  precipitate  indicate  the  commercial 
metal. 

For  quantitative  analysis,  10  grammes  of  the  commercial  or  50  grammes 
of  the  jiure  metal  are  dissolved  in  aqua  regia  in  a  silica  vessel,  and  con- 
verted into  sodium  platinichloride,  which  is  recrystallized  several  times 
from  water  containing  2  per  cent,  of  sodium  carbonate.  Ultimately  the 
platinum  is  precipitated  as  the  ammonium  salt. 

Iridium  may  be  estimated  rapidly  by  dissolving  0"01  gramme  of 
commercial  platinum  in  aqua  regia,  evaporating,  dissolving  the  residue 
in  100  cubic  centimetres  of  concentrated  hydrochloric  acid,  and  com- 
paring the  colour  with  that  of  standard  solutions  containing  known 
quantities  of  platinum  and  iridium.  In  .the  complete  analysis,  the 
ammonium  chlijride  precipitate  contains  iridium,  which  is  separated  by 
reduction  of  the  solution  in  strong  hydrochloric  acid  with  hydrazine, 
which  reduces  platinum,  and  leaves  iridium  in  solution. 


j          I. 

II. 

III. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Iridium 

2-2 

2-23 

1-61 

Palladium     . 

? 

0-13 

0-15 

Gold     .... 

0-.30 

0-30 

Rhodiuiri 

trace 

trace 

015 

Copper 

013 

0-18 

0  0!) 

Iron      .... 

013 

0-12 

Oil 

Silver    .... 

trace 

Nickel  .... 

trace 

trace 

trace 

Undetermined 

2-96 

014 

Total     . 

3-0 

2-25 

Zeitschrift  fiir  anorganische  Cliemie,  li)14,  vol.  Ixxxix.  p.  1. 
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The  schemes  for  the  separation  of  other  metals  are  complex,  and  do 
not  lend  themselves  to  abstraction.  The  results  in  the  preceding  table 
have  been  obtained  from  the  analysis  of  three  platinum  muffles,  of  which 
the  first  two  were  resistant,  whilst  the  third  corroded  badly  in  use. 

The  ruthenium  may  be  neglected. — C.  H.  D. 

Separation  of  Tungsten  and  Molybdenum.— This  separation  is 

usually  difficult,  and  an  improved  method  is  suggested  by  PI  E.  jNIar- 
baker.*  The  solution  containing  sodium  tungstate  and  molybdate  is 
boiled,  and  a  solution  prepared  by  dissolving  20  grammes  of  crystallized 
stannous  chloride  in  200  cubic  centimetres  of  concentrated  hydrochloric 
acid  is  added,  20  cubic  centimetres  being  used  for  each  0*15  gramme  of 
tungstic  oxide.  These  proportions  should  not  be  departed  from.  The 
solution  is  boiled  for  a  few  minutes,  and  the  blue  precipitate  (W2O-)  is 
allowed  to  settle.  The  orange  liquid  is  decanted  through  a  filter,  and 
washed  by  decantation  with  hot  5  per  cent,  hydrochloric  acid  until  the 
washings  give  no  reaction  for  molybdenum  when  tested  with  zinc  and 
thiocyanate.     The  precipitate  is  collected,  dried,  and  ignited  to  WO3. 

The  filtrate  and  washings  are  evaporated  to  small  bulk.  If  necessary, 
an  aliquot  part  is  taken.  From  5  to  10  grammes  of  crushed  zinc  are 
added,  which  precipitates  tin.  After  ten  minutes  the  green  solution  is 
decanted,  and  the  tin  washed.  A  Jones  reductor  is  then  used,  through 
which  are  poured  in  succession  50  c.c.  of  dilute  hydrochloric  acid 
(1  :  40),  the  molybdenum  solution,  150  c.c.  of  the  dilute  acid,  and  150 
c.c.  of  hot  water.  The  flask  contains  20  c.c.  of  10  per  cent,  iron  alum 
solution,  and  20  c.c.  of  the  "  titrating  solution "  (90  grammes  man- 
ganous  sulphate,  650  c.c.  water,  175  c.c.  centimetres  syrupy  phosphoric 
acid,  and  175  c.c.  concentrated  sulphuric  acid).  The  whole  is  then 
titrated  with  X/10  potassium  permanganate. — C.  H.  D. 

Silver  and  Base  Metal,  Determination  in  Precious  Metal 

Bullion. — Experiments  by  F.  P.  Dewey  f  are  described,  having  been 
undertaken  because  of  the  variation  in  amounts  of  gold  and  silver 
absorbed  by  the  cupel  even  in  duplicate  assays.  The  pajier  describes  an 
attempt  to  estaljlish  a  better  method  Vjy  means  of  fusion  with  cadmium 
and  titration  with  ammonium  sulpho-cj'anate,  which,  while  not  entirely 
succe.ssful,  is  considered  to  be  very  promising. 

Comparative  tests  by  cadmium  fusion  and  Gay-Lussac  titration  are 
also  described. 

The  accuracy  of  the  determination  of  gold  in  bullion  is  influenced  by 
arsenic  and  antimony,  but  is  affected  by  volatilization  except  when  the 
last-named  base  metals  are  present  to  an  insignificant  extent. 

It  is  pointed  out  that  copper  and  lead  may  be  retained  by  the  cupel 
bead,  and  results  of  experiments  proving  this  are  given. 

The  following  conclusions  are  given,  based  on  a  very  large  number  of 
tests,  the  record  of  which  appears  in  the  paper : 

*  Journal  of  the  American  Chemical  Society,  191.5,  vol.  xxxvii.  p.  86. 

t  Journal  of  Industrial  and  Engineering  Chemistry,  1914,  vol.  vi.  p.  650. 
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There  are  two  chief  sources  of  operative  error  in  the  cupellation 
method,  viz.  the  absorption  of  gold  and  silver  by  the  cupel  and  the 
retention  of  base  metal  by  the  precious  metal  bead.  At  present  there  is 
no  means  of  controlling  these  errors.  They  may  balance  each  other,  but 
often  fail  to  do  so. 

Another  defect  of  the  method  lies  in  the  fact  that  the  proofs  are 
subject  to  the  same  uncontrollable  errors  as  the  assays.  In  spite  of 
these  defects,  the  method  has  the  merit  of  simplicity  and  ease  of  execu- 
tion, and  at  present,  as  no  means  are  apparent  of  overcoming  the 
inherent  defects,  it  cannot  be  abandoned. 

In  addition  to  ordinary  manipulative  errors,  further  inaccuracy  is 
introduced  by  the  presence  of  members  of  the  platinum  group  of  metals 
which,  when  alloyed  with  silver,  are  soluble  in  nitric  acid. 

In  a  further  paper  *  the  use  of  the  cadmium  fusion  for  the  determina- 
tion of  silver  iu  gold  bullion  is  described,  and  a  large  number  of  results 
of  comparative  assays  by  cupellation  and  sulpho-cyanate  methods  given. 

The  cadium-sulpho-cyanate  determinations  exhibit  wide  differences,  but 
in  many  cases  the  results  agree  among  themselves,  and  are  often  fully 
as  concordant  as  the  corresponding  cupel  results.  Some  differences  are 
due  to  lack  of  familiarity  by  the  operators  with  the  method.  With 
more  extended  use,  much  better  agreement  in  the  results  might  be 
expected.  It  is  thought  that  on  the  whole  the  cadmium-sulpho-cyanate 
method  compares  favourably  with  cupellation,  and  may  possibly  supplant 
the  latter  method  in  large  permanent  laboratories  where  accuracy  is 
desired. — F.  J. 

Zinc  and  Manganese  Sulphides,  Precipitation  of.— In  order 

to  obtain  a  precipitate  which  is  readily  filtered,  F.  Seeligmann  f  recom- 
mends the  addition  of  an  equal  or  greater  bulk  of  25  per  cent,  ammonia 
to  the  neutral  solution,  followed  by  heating  to  60°  or  80°,  and  addition 
of  an  excess  of  ammonium  sulphide.  After  boiling  a  few  minutes  the 
precipitate  is  collected,  washed  with  dilute  ammonium  sulphide,  dried, 
and  ignited.  It  is  then  heated  with  concentrated  sulphuric  acid,  the 
excess  being  expelled  by  heating. — C.  H.  D. 

Zinc  in  Ores  and  Ashes. — For  the  estimation  of  small  quantities 
of  zinc,  H.  Rubricius  J  recommends  that  5  grammes  of  the  material  be 
dissolved  in  15  c.c.  of  hydrochloric  acid  with  a  little  nitric  acid,  evapo- 
rated to  small  bulk,  and  mixed  with  30  c.c.  of  strong  ammonia.  The  iron 
precipitate  is  digested  with  ammonia  and  filtered,  and  a  little  copper 
sulphate  is  added  to  the  filtrate  if  it  did  not  previously  contain  copper. 
Sodium  sulphide  throws  down  a  granular  precipitate  from  the  boiling 
solution.  This  is  collected,  washed,  and  warmed  with  dilute  hydrochloric 
acid,  which  extracts  zinc,  leaving  copper.  The  zinc  is  then  precipitated 
as  carbonate. 

*  Industrial  and  Engineering  Chemistry,  1914,  vol.  vi.  p.  728. 
t  Zeitschrift fiir  analytische  Chemie,  1914,  vol.  liii.  p.  594. 
X  Chemiker  Z.eitntig,  1915,  vol.  xxxix.  p.  198. 
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Should  manganese  be  present,  it  may  be  removed  before  the  precipita- 
tion of  zinc  carbonate  by  adding  ammonium  persulphate  or  bromine. 

— C.  H.  D. 


l\.— PHYSICAL    TESTS. 

Hardness  Tests  of  Coarse-grained  Metals.— The  influence  of 

coarse  grain  on  Brinell  tests  of  hardness  has  l)een  examined  by  A.  Por- 
tevin.*  When  the  grains  are  small  in  comparison  \\\l\\  the  size  of  the 
impression,  their  different  orientations  annul  one  another,  ]>ut  with  large 
grains  an  ai)preciable  disturbance  is  caused. 

Large  single  grains  of  copper  containing  0'.5  per  cent,  of  vaiiadium. 
obtained  by  the  aluminothermic  process,  gave  impressions  which  were 
identical  and  similarly  oriented  ellipses  on  a  single  section.  With 
copper  alloyed  Anth  2'1()  per  cent,  of  aluminium,  two  perpendicular 
sections  gave  dissimilar  impressions,  and  different  grains  were  naturally 
also  dissimilar.  The  diameters  differed  by  as  much  as  29  per  cent. 
Where  etching  reveals  a  dendritic  structure,  the  maximum  and  minimum 
diameters  seem  to  follow  the  bisectrices  of  the  dendritic  axes,  especially 
when  the  angle  of  these  axes  is  near  to  90°. 

Using  ingots  cast  in  metal  moulds,  a  basaltic  structure  may  be  ob- 
tained near  the  cooling  surface,  parallel  grains  being  orientated  accord- 
ing to  one  of  the  quaternary  axes.  Using  zinc-copper  alloys  containing 
30  and  .33  per  cent,  of  zinc  respectively,  it  was  found  that  the  impres- 
sions obtained  had  equal  diameters  normal  and  parallel  to  the  surface 
of  the  ingot,  but  distinctly  greater  in  directions  inclined  at  4.5°  to  these. 

— C.  H.  D. 

Testing  of  Materials. — In  a  series  of  articles  dealing  with  the 
testing  of  materials,  the  various  tests  employed  for  metals  are  discussed.  ^ 
Dealing  with  tension-compression  and  other  tests,  the  work  of  Guest, 
Mason,  Scoble,  and  Smith  is  mentioned  as  illustrating  investigations  on 
the  strength  of  materials  subjected  to  a  combination  of  stresses  acting 
simultaneously. 

Some  attention  is  also  given  to  the  testing  of  materials  under  reversals 
of  stress,  and  its  importance  in  determining  the  working  value  of  struc- 
tural parts.  The  now  well-known  phenomenon  of  rujjture  occurring 
under  repeated  stresses,  none  of  which  attains  the  reasonable  breaking 
strength  of  the  material,  has  led  to  a  modification  of  views  formerly 
held.  Stanton  and  Bairstow  state  that  the  primitive  elastic  limit  is 
merely  an  artificial  point  in  the  range,  and  that  the  natural  limit  is  a 
definite  value  to  which  the  two  elastic  limits  of  a  material  in  alternate 
tension  and  compression  ultimately  attain. 

Shearing  Tests. — The  method  of  carrying  out  these  tests  is  described, 
the  following  results  being  quoted  : 

*  Comptes  Rendtts,  1915,  vol.  clx.  p.  344. 

t  Mechanical  World,  1914,  vols.  Iv.  and  Ivi.  pp.  78,  175,  2:22,  &c. 
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Material.  Shearing  Strength, 

Ions,  per  Sq.  In. 

Copper 11-12 

Brass 18 

Bronze,  rolled 14-16 

,,        cast 10 

Gun-metal 11-12 

Muntz  metal 18 

[These  figures  would  be  more  valuable  if  accompanied  by  particulars 
as  to  composition,  mechanical  and  thermal  treatment,  &c. — Note  by 
Abstractor.] 

Torxion  Tests.- — The  Olsen  machine  is  illustrated  and  described,  and 
the  method  of  making  tests  discussed.  It  is  observed  that  ductile 
materials  twist  considerably  before  breaking,  the  fractured  surfaces 
occurring  in  a  plane  normal  to  the  length  of  the  bar — presenting  much 
the  same  appearance  as  for  materials  broken  by  a  combined  compression- 
bending  effect.  Copper-tin-zinc  alloys  break  with  a  silky,  often  streaky 
fracture. 

The  methods  of  determining  the  modulus  of  rigidity  and  of  Poisson's 
ratio  are  given,  whilst  torsion-bending  and  compression  tests,  tests  of  beams, 
and  hot  and  cold  bend  tests  are  described.  The  specifications  drawn  up  by 
the  Admiralty  for  materials  subjected  to  the  last-mentioned  tests,  as  also 
those  l)y  the  American  Society  for  Testing  Materials,  are  given,  and 
various  details  discussed. 

Impact  tests  and  hardness  tests  are  described,  and  the  views  of  well- 
known  authorities  reviewed.  The  general  mechanical  properties  of 
copper  and  its  alloys  are  reviewed  in  detail. — F.  J. 


Ul.—PYROMETRY. 

Autographic  Temperature  Recorder. — A  new  type  of  auto- 
graphic temperature  recorder  is  des(;ril.)ed.*  The  principal  ])oints  in 
which  it  differs  from  other  instruments  used  for  this  purpose  are  that  the 
record  is  made  on  the  opposite  side  of  the  paper  to  the  galvanometer 
pointer  in  one  or  more  colours,  as  desired,  and  that  the  mechanism  carry- 
ing the  chart  and  inked  ribbon  is  fixed  on  a  hinged  carriage,  which  can 
be  swung  clear  of  the  rest  of  the  instrument  for  the  renewal  of  the  record. 
The  instrument  is  known  as  the  Tapalog. 

The  record  paper  is  ruled  with  rectangular  co-ordinates,  and  is  moved 
by  clockwork  at  the  rate  of  1  inch  per  hour,  and  a  dot  is  made  by  the 
depression  of  the  pointer  every  twelve  seconds.  The  simplest  form  of 
Tapalog  will  make  a  record  of  one  furnace  in  one  colour,  but  as  generally 
supplied  it  will  automatically  record  the  readings  of  several  thermo- 
couples, different  coloured  ribbons,  uj)  to  the  number  of  four,  being  used 
for  the  several  curves. — D.  H. 

*  Iron  Age,  March  18,  1915,  vol.  xcv.  (11),  p.  G09. 
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Base  Metal  Thermocouples. — lu  a  series  of  tests  of  base  metal 
thermocouples,  O.  L.  Kowalke  *  finds  that  homogeneous  solid  solutions 
give  the  best  results,  and  that  silicon  is  an  undesirable  constituent. 
Microsections  are  given.  The  following  compositions  have  been  found, 
No.  20  giving  the  best  and  No.  6a  the  worst  results,  the  readings  of  the 
latter  changing  by  as  much  as  125°  C.  after  annealing  at  800°  C. : 


6a. 

Positive. 
Nickel 
Chromium 

80-0 
140 

Negative. 
Nickel      . 
Iron 
Silicon 

94-6 
2-2 
2-4 

7a. 

Chromium 
Iron   . 
Nickel 

10-0 
30  0 
600 

Aluminium 
Nickel      . 

3-3 
!)6-4 

18. 

Iron  . 

Aluminium 
Nickel       . 

114 
98-3 

20. 

Iron  . 

Copper     . 
Nickel      . 

.52-0 
48-0 

— C.  H.  D. 

Electrical  Leakage,  Prevention  of. — The  methods  of  excluding 

leakage  of  current,  especially  in  potentiometer  systems,  are  discussed  by 
W.  P.  White,  t  In  dry  weather  such  arrangements  are  scarcely  necessary, 
but  they  are  often  desirable  in  damp  weather.  A  simple  plan  consists 
in  standing  all  the  instruments  on  sheets  of  tin  plate,  connected  together 
by  wires.  This  affords  practically  complete  protection,  and  is  adopted 
throughout  in  the  Geophysical  Laboratory,  where  the  tables  have  metal 
legs,  and  are  tirmly  connected.  With  electric  furnaces,  the  ionization  at 
high  temperatures  is  appreciable,  and  a  continuous  platinum  internal 
shield  is  sometimes  required.  A  loose  spiral  aifords  imperfect  protec- 
tion, but  the  effect  of  leakage  may  be  prevented  in  other  ways.  A 
simple  plan  is  the  provision  of  a  metallic  sheath  enclosing  the  thermo- 
element nearly  to  its  tip,  and  electrically  connected  to  the  external 
shield.  Several  other  devices,  less  generally  applicable,  are  described. 
Leakage  may  take  place  along  the  vulcanite  top  of  a  potentiometer  after 
exposure  to  light ;  this  may  be  remedied  by  the  application  of  melted 
paraffin.  Potentiometers  with  glass  covers  should  be  protected  by  means 
of  a  dark  cloth. — C.  H.  D. 

Electrical  Pyrometers. — The  design,  construction,  and  methods  of 
using  thermo-electric  pyrometers  are  discussed  by  "  J.  M.  J."  \ 

Varieties  of  thermocouples,  the  fundamental  principles  upon  which  these 
are  constructed,  and  the  disadvantages  of  the  platinum-platiuuni-rhodium 
couple  for  works'  use  are  described.  Considerable  attention  is  paid  to 
the  millivoltmeter,  illustrated  descriptions  being  given  of  the  "  suspen- 
sion "  and  "  pivoted  ""  types,  the  use  of  the  latter  being  only  recommended 
in  conjunction  with  base-metal  couples. 

*   Transactions  of  the  American  Electro-chemical  Society ,  1914,  vol.  xxvi.  p.  199. 
t  Journal  of  the  American  Chemical  Society ,  1914,  vol.  xxxvi.  p.  2011. 
:;:  Machinery,  191.5,  vol.  v.  p.  808. 
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Leads  and  switch  systems  for  using  several  couples  with  one  millivolt- 
meter  are  described. 

It  is  shown  that  an  alteration  in  length  of  lead  has  a  much  more 
serious  influence  upon  the  accuracy  of  the  pyrometer  when  the  "pivoted" 
type  instrument  is  used,  owing  to  its  smaller  internal  resistance.  The 
double  pole  and  rotary  switch  systems  are  described,  and  their  relative 
advantages  discussed. 

A  method  of  maintaining  the  cold-junction  at  constant  temperature  in  a 
steam-jacket  is  described,  and  also  methods  of  locating  the  couple  in  a 
furnace  and  of  providing  adequate  [irotection.  Methods  of  checking  the 
instrument  are  also  described. — F.  J. 

Electric  Pyrometers  for  Heat-treatment. — The  principles  of 

resistance  pyrometers,  their  method  of  a})plication,  and  details  of  their 
construction  are  reviewed,*  and  illustrated  by  sketches  and  diagrams  of 
connections.  In  a  like  manner  the  thermo-electric  pyrometer,  its  prin- 
ciples, and  sources  of  error  are  discussed.  Owing  to  the  exceedingly 
small  electromotive  force  generated  by  thermocouples,  the  construction 
of  satisfactory  indicating  instruments  which  will  be  free  from  temperature 
error  and  robust  enough  to  maintain  their  calibration  is  difhcult. 

The  error  due  to  resistance  in  the  circuit  may  be  entirely  obviated  by 
using  a  potentiometer.  A  diagram  of  this  instrument  in  its  simple  form 
is  given,  and  described  in  detail,  and  also  the  method  of  calibration.  Its 
advantages  over  the  millivoltmeter  are:  (1)  By  changing  the  galvano- 
meter resistance,  no  error  in  the  reading  is  introduced  by  the  thermocouple 
or  its  connecting  wires ;  (2)  the  galvanometer  may  be  very  sensitive,  as  it 
is  not  required  to  maintain  its  calibration ;  (3)  the  reading  scale  may  be 
a  very  much  longer  one ;  (4)  couples  of  any  length  may  be  used  without 
any  electrical  adjustments. 

Attention  is  drawn  to  a  potentiometer  which  has  a  correcting  device 
for  changes  in  temperature  of  the  cold-junction.  A  comparison  is  drawn 
between  resistance  pyrometers  and  thermocouples. — F.  J. 

Thermo-element  Installations. — Two  articles  by  W.  P.  White  t 

deal  with  the  details  of  equipment  for  accurate  work,  including  devices 
for  eliminating  parasitic  forces.  Thin  strips  of  copper,  pressed  together 
by  spring  clamps,  usually  give  better  contact  than  binding  screws  or 
plugs.  A  satisfactory  galvanometer  for  such  work  gives  a  deflection  of 
05  millimetre  per  microvolt  at  1  metre,  period  3  to  4  seconds,  and  resist- 
ance as  high  as  possible  u])  to  1000  or  1200  ohms. 

In  potentiometer  working,  a  satisfactory  resistance  is  that  which  makes 
the  battery  current  one  milliampere.  A  current  twice  as  great  as  this 
may  cause  variation  of  the  voltage  of  a  storage  battery,  whilst  too  high 
a  resistance  may  diminish  the  sensitiveness  of  the  galvanometer.  Series 
coil  and  slide  wire  potentiometers  are  liable  to  vary  by  exposure  to 
fumes,  and  split  circuit  potentiometers  are  preferred.     A  three-dial  in- 


*  American  Machinist,  191.5,  vol.  xlii.  p.  317. 

t  Journal  of  the  Americati  Chemical  Society,  1914,  vol.  xxxvi.  pp.  185G,  1868. 
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strument  of  this  type  is  suitable  for  thermo-electric  work,  and  is  low  iu 
price.  The  resistance  should  be  altout  ten  times  that  of  the  ordinary 
Diesselhorst  instrument. 

Another  plan  consists  in  using  two  separate  potentiometers  in  the 
same  galvanometer  circuit,  each  with  a  separate  battery.  Devices  for 
connecting  several  thermo-elements  to  the  same  instrument  are  also 
described.  In  all  cases  the  outstanding  E.M.F.,  after  balancing  approxi- 
mately with  the  potentiometer,  is  read  by  deflection. — C.  H.  I). 

Thermoelements  of  Precision. — The  use  of  multiple  elements  is 

recommended  liy  W.  P.  AVliito.  *  With  copper-constantan  couples  it  is 
easy  to  obtain  sufficiently  homogeneous  wire,  and  a  simple  method  of 
testing  a  reel  of  wire  for  homogeneity  is  described.  Wire  of  0'2i")  milli- 
metre diameter  is  most  convenient.  The  junctions  are  soldered,  using 
resin,  and  the  wires  (for  low  temperature  work)  are  paraffined  in  addition 
to  the  silk  insulation.  The  junctions  themselves  are  insulated  with 
cellulose  acetate,  or  rubber  solution,  vulcanized  with  sulphur  dichloride. 
As  many  as  24  junctions  are  employed,  enclosed  in  a  glass  sheath.  The 
error,  with  the  best  constantan  wire  obtainable,  is  usually  less  than  20 
parts  per  million. — C.  H.  D. 

*  Jo2irnal  of  the  American  Chemical  Society,  1914,  vol.  xxxvi.  p.  2292. 
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\.— FURNACES. 

Brazing  Furnace. — An  illustrated  description  of  a  brazing  furnace 
is  given  by  J.  K.  Long.*  The  furnace  burns  oil  as  fuel,  which  is  supplied 
either  by  gravity  from  an  overhead  tank  or  by  pressure  from  oil  lines. 
The  furnace  is  suitable  for  brazing  copper  pipe  of  from  4  to  4|  inches 
diameter. — F.  J. 


Oil-gas-fired  Furnace. — An  illustrated  description  t  is  given  of 
furnaces  in  Avhich  the  Burdon  system  of  burning  liquid  fuel  is  applied. 
After  being  finely  atomized  and  intimately  mixed  with  a  large  volume  of 
air  at  low  pressure,  the  oil  is  converted  into  gas  in  a  small  retort,  whence 
the  gas  is  delivered  into  the  furnace. 

By  the  simple  regulation  of  the  air-supply,  a  Bunsen  flame  can  be 
obtained,  and  the  furnace  atmosphere  may  be  made  reducing,  oxidizing, 
or  neutral,  as  desired.  Analyses  showing  the  compo.sition  of  waste-gases 
are  given  as  follows  : 


I. 

11. 

III. 

Carbon  dioxide    . 

Oxygen 

Carbon  monoxide 

Hydrogen     . 

Nitrogen 

2-42 

17-70 
nil 

nil 
79 -SS 

3-92 
15-99 

nil 

nil 
80-09 

16-35 
0-42 
0-29 
0-10 

82  •S4 

Total    . 

100-00 

100-00 

100  00 

*  American  Machinist,  1915,  vol.  xli.  p.  1086. 
t  Mechanical  World,  1914,  vol.  Ivi.  p.  285. 
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Attention  is  drawn  to  tlie  analysis  of  saujplo  3,  as  .showing  the  possi- 
bility of  a  high  ethciency  of  conil)nstion  by  this  method  of  firing. 

The  numerous  uses  to  which  the  Burdon  system  may  be  put  include 
the  heating  and  melting  of  metals,  tin-smelting,  ifec. — F.  J. 


U.— FOUNDRY. 


Aluminium  Centrifugal  Casting  Process. — Reference  is  made  * 

to  the  8ollis  method  (jf  producing  heatl  for  casting  aluminium  and  its 
alloys  by  placing  the  moulding-buxes  on  a  circular  horizontal  table  which 
is  revolved  while  the  feeding  ofieration  takes  place. 

Mention  is  also  made  of  the  method  of  reinforcing  the  strength  of 
aluminium  and  other  castings  by  the  aid  of  steel  wii'es. — V.  J. 

Brass  Casting  under  Modern  Conditions. — A  new  brass  foundry 

embodying  the  latest  ideas  in  equipment  and  in  rapidity  and  economy  of 
production  is  described  by  H.  C.  Estop. f  The  Gale  &.  Towne  brass  foundry 
is  equipped  for  an  ultimate  capacity  of  20  tons  per  diem,  the  average 
weight  of  each  casting  being  8  to  10  ounces. 

The  arrangement  of  the  plant  is  described,  a  number  of  illustrations 
conveying  a  very  clear  idea  of  the  molting,  moulding,  and  sand-mixing 
equipment,  and  the  ventilation  .system. 

The  ventilating  system  results  in  an  absence  of  smoke  and  fumes  in 
the  foundry,  resulting  in  improved  health  of  the  employees,  and  conse- 
quently greater  output.  The  system  is  described  in  detail,  and  also  the 
heating  .system. 

The  melting  equipment  consists  of  two  36-pot  coal-fired  pit  furnaces, 
each  8  by  38  feet  over  all,  and  eighteen  individual  oil-burning  furnaces. 
The  former  take  SO-lb.  cruciljle.s,  and  each  pot  furnace  is  responsible  for 
five  heats  per  diem,  having  a  sejtarato  flue  leading  to  a  steel  stack. 

The  moulding-tubs  and  moulding  .system  are  described. 

The  drying  of  the  moulds  is  eftected  on  oil-fired  hexagonal  drying 
stoves,  and  they  are  blacked  in  a  special  machine  provided  with  resin 
pots. 

There  are  machine-moulding  facilities  and  .sand  handling  plant,  clean- 
ing and  trimming  machines,  and  pattern  storage  department.  These 
are  briefly  described. — F.  J. 

D^e-CastingS. — \V.  H.  Scherer  J  descrilies  the  manufacture  of  die- 
castings,  stating  that  the  process  is  limited  to  metals  of  low  melting  point 
[die-castings  in  brass  apparently  have  not  been  brought  before  the 
author's  notice. — Note  by  Abstractor].  The  die-casting  alloys  are 
divided  into  three  groups  : 

*  American  Machinist ,  1914,  vol.  xli.  p.  99«. 
t  The  Foundry,  1915,  vol.  xliii.  p.  129. 
X  Electric  Jourtial,  1915,  vol.  xii.  p.  109. 
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1.  Zinc,  90  per  cent. — alloyed  with  copper,  tin,  and  aluminium. 

2.  Tin,  75  per  cent. — alloyed  with  copper,  zinc,  lead,  and  antimony. 

3.  Tin,  60  per  cent.  ;  zinc,  35  per  cent. — alloyed  with  copper  and 

aluminium. 

Alloys  of  Group  1  are  brittle,  but  cheap  and  specifically  light. 

Alloys  of  Group  2  are  the  most  expensive,  but  their  low  melting  point 
is  an  advantage  in  intricate  castings.  The  shrinkage  is  low,  and  sharp 
outlines  and  corners  are  readily  obtained. 

Alloys  of  Group  3  are  more  ductile  than  those  of  Group  1,  and  do  not 
tarnish  so  readily  when  polished. 

An  antimouial  lead  alloy  is  used  for  toys,  etc.,  where  no  strength  is 
required. 

A  comparison  of  costs  between  sand-castings  and  die-castings  is  made, 
and  curves  plotted,  which  show  that  there  is  no  saving  effected  in  the 
particular  case  quoted  unless  over  2000  pieces  are  required. 

An  illustration  is  given  of  the  reduction  in  the  number  of  operations 
effected  by  producing  a  small  motor  bracket  by  die-casting.  If  not  die- 
cast,  the  bracket  would  be  made  in  cast  iron,  and  would  require  six 
operations.  When  die-cast,  the  number  of  operations  would  be  three,  and 
less  machine-tool  equipment  is  required. 

In  the  construction  of  dies,  the  provision  of  suitable  core-pins  capable 
of  easy  removal,  of  grooves  in  the  parting  faces  to  allow  of  escape  of  air, 
and  of  dowel  or  guide-pins  to  insure  correct  alignment  must  be  made. 
A  simply  constructed  die  for  casting  hexagonal  nuts  is  illustrated  and 
described. 

Die-moulding  machines  may  be  divided  into  three  classes :  automatic, 
semi-automatic,  and  hand-operated.  In  all  cases  the  metal,  after  being 
melted  in  the  melting  pot,  is  forced  into  the  die  by  means  of  a  cylinder 
and  piston. 

A  typical  hand-operated  die-casting  machine  is  illustrated  and  de- 
scribed. The  making  of  die-castings  has  done  much  to  facilitate  the  work 
of  designers  and  manufacturers.  The  die-casting  process  has  made  it 
possible  to  design  and  make  parts  which  could  be  cast  in  no  other  way. 
— F.  J. 

Dust  Removal  in  Casting,  Grinding,  and  Polishing  Opera- 
tions.— An  analysis  of  the  legislation  in  every  State  of  America,  by 
H.  G.  Estep,*  on  the  subject  of  dust  removal  in  foundries,  machine  shops, 
or  plating  works  where  there  are  grinding,  cleaning,  buffing,  or  poUshing 
rooms,  shows  that,  in  most  of  the  States  where  there  is  no  legislation 
compelling  the  employment  of  dust-removal  apparatus,  there  is  relatively 
little  industrial  development.  Various  installations  are  described  and 
illustrated,  and  a  comprehensive  review  is  taken  of  existing  standard 
specifications  for  dust-removal  systems. — F.  J. 

Hard  Cores  and  Metal  Contraction. — To  the  presence  of  hard 

non-yielding  cores,  W.  J.  !May  f  attriljutes  the  cracking  of  metal  castings 

*   The  Foundry,  1915,  vol.  xliii.  p.  43. 

t  Mechanical  World,  l'J15,  vol.  Ivii.  p.  19. 
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during  contraction,  the  castings  shrinking  away  from  the  outer  mould 
and  contracting  on  to  cores  or  other  enclosed  bodies. 

Generally,  it  is  with  the  softer  metals  like  aluminium  and  very  soft  or 
weak  copper  alloys  that  greatest  attention  must  be  j)aid  to  cores,  as  hard 
cores  are  most  likely  to  cause  damage  to  such  metals,  in  which  also  the 
rate  of  contraction  is  usually  high. 

The  author  discusses  sj)ecial  cases,  and  suggests  various  methods  of 
making  cores  which  will  not  resist  the  pressure  exerted  by  contracting 
castings. 

For  plain  box-like  castings,  the  core  may  be  filled  with  cinders  or 
small  coke.  When  a  core  is  divided  into  sections,  the  loam  is  mixed 
with  asbestos  or  other  fibre,  and  a  plumbago  or  other  resistant  facing  is 
applied  to  protect  the  core  against  the  searching  action  of  the  molten 
metal.  A  mixture  of  80  per  cent,  plumbago  and  20  per  cent,  china  clay 
is  suitable  for  such  a  facing. 

A  loam  core  struck  up  on  hay  or  other  soft  foundation  is  recommended 
for  cases  where  the  core  is  almost  entirely  surrounded  with  metal ;  as  an 
alternative,  a  core  of  friable  sand — held  together  by  some  binder  which 
will  partly  burn  out  after  the  metal  has  set — may  be  used.- — F.  J. 

Moulding  Sand. — E.  Moldenke  *  attributes  the  inferiority  in  the 
surface  fijiish  of  American  castings  to  neglect  in  the  selection  of  suitable 
foundry  sand. 

The  chief  characteristics  of  a  good  moulding  sand  are  that  it  should 
be :  (a)  non-yielding ;  (Ij)  permeable  to  gases ;  (c)  capable  of  resisting 
high  temperatures  ;  {d)  friable  after  use  as  a  mould ;  (e)  of  such  a  texture 
that  the  surface  of  the  casting  is  smooth  and  free  from  blemishes. 

The  size  and  surface  of  sand  grain  are  discussed,  smalluess  of  grain 
contributing  to  fineness  of  surface,  whilst  sharpness  leads  to  dense  pack- 
ing, with  increased  resistance  to  yielding,  but  decretised  permeability  to 
gases. 

The  sizing  of  sands  is  recommended,  improved  venting  properties  being 
found  in  evenly  sized  moulding  sands. 

The  tempering  of  sands  with  water  for  the  purpose  of  causing  the  clay 
bond  to  cause  mutual  adherence  of  the  sand-grains  is  discussed.  Vent- 
ing properties  are  best  when  just  a  little  water  has  been  added ;  increas- 
ing the  water  confers  greater  strength  but  retards  venting.  Tests  of 
sand  pillars  1  inch  square  and  2^  ii^ches  high,  loaded  from  the  top,  showed 
decrease  in  strength  with  further  increase  in  water,  whilst  in  sands 
tempered  and  subsequently  dried,  the  strength  rose  considerably,  also 
the  venting  power. 

With  regard  to  the  nature  of  the  bond,  it  is  pointed  out  that  a  sand 
requires  a  smaller  proportion  of  clay  if  the  latter  is  fat — i.e.  possesses 
adhesive  power — than  if  lean.  It  is  preferable  to  have  the  first-named 
condition,  as  excess  of  fine  clay  reduces  venting  power.  A  low  per- 
centage of  feldspars  is  desirable,  owing  to  their  ready  fusibility.  The 
valuation  of  sand  by  rational  analysis  is  preferred  to  that  by  ultimate 

*  Mechanical  World,  1914i  vol.  Ivi.  p.  248. 
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analysis,  the  following  being  the  average  rational  composition  of  sands 
in  actual  use: — Quartz  65'53  per  cent.,  clay  substance  21*73  per  cent., 
feldspars  12-74  per  cent.  Calculating  from  these  figures,  the  ultimate 
approximate  analysis  would  be  silica  84  per  cent.,  alumina  (and  iron 
oxide)  14  per  cent.,  alkalies  2  per  cent. 

The  variations  in  strength,  method  of  testing,  and  effects  of  high 
temperature  are  also  discussed. — F.  J. 

Ram-up  Cores. — Cores  which  are  rammed  up  in  the  mould  before 
withdraAval  of  the  pattern  are  applied  in  numerous  ways. 

Illustrations  are  given  of  such  cores  by  R.  A.  Jacobsen,*  and  their 
advantages  in  special  cases  described.  The  ram-up  core  leaves  practi- 
cally no  roughness,  and  the  setting  is  simple  and  economical,  whilst  its 
uses  are  many  and  varied. — F.  J. 

Scrap  Metals. — Various  sources  of  scrap  metals  and  alloys  are  dis- 
cussed liy  W^.  J.  May,t  who  emphasizes  the  desirability  of  thoroughly 
overhauling  all  iron  and  steel  scrap  in  order  to  detect  the  presence  of 
non-ferrous  material,  which,  while  having  an  injurious  influence  on  iron 
and  steel  castings,  has  a  higher  value  when  sorted  out.  Instances  are 
given  in  this  connection  of  bronze  fittings  on  scrap  iron  piping,  and  of 
plugs  in  heavy  gun  shells ;  the  greatest  care  is  necessary  in  extracting 
plugs  from  unbroken  shells.  Other  non-ferrous  scrap  provided  by  the 
war  includes  cartridge  cases,  rings,  and  lead  bullets  with  their  nickel 
(cupro-nickel)  envelopes. 

This  material  requires  careful  sorting  and  melting,  crucibles  of  4  cwt. 
capacity  in  tilting  furnaces  being  recommended. — F.  J. 

Zirconia,  a  New  Refractory. — Data  respecting  the  sources,  uses, 
and  refractory  properties  of  natural  and  of  refined  zirconia  are  given  by 
H.  C.  Meyer. J  At  the  present  time  there  are  two  known  minerals  which 
occur  in  sufficient  quantities  to  be  considered  as  commercial  sources  of 
zirconium — the  natural  oxide,  zirconia,  containing  about  84  per  cent. 
I)ure  oxide  with  8  per  cent,  silica  and  3  per  cent,  oxide  of  iron,  and  the 
silicate,  zircon.  Refined  zirconia  is  pure  white,  has  a  density  of  about 
five,  and  a  melting  point  of  3000°  C.  Its  first  important  use  was  as  a 
substitute  for  lime  in  the  Drummond  or  limelight,  giving  a  more  intense 
illumination  and  being  unaffected  by  moisture  or  atmospheric  gases. 
Used  for  incandescent  mantles,^  it  was  superseded  by  thorium  oxide, 
which  gave  the  same  results  at  a  much  lower  temperature.  The  glowers 
of  the  Nernst  lamp  contain  small  quantities  of  zirconia,  together  with 
magnesia  and  yttria.  Very  remarkable  heat  resisting  ware,  such  as 
crucibles,  muffles,  pyrometer  tubes,  resistance  cores  for  electric  furnaces, 
can  be  made  from  pure  zirconia  mixed  with  from  3  to  10  per  cent, 
magnesia,  using  starch,  phosphoric  acid,  glycerine,  or  borates  as  binders, 
with  subsequent  firing  at  from  2000°  to  2300°  C.  in  the  electric  furnace. 

*  American  Machinist,  1915,  vol.  xliii.  p.  118. 

t  Mechanical  World,  1914,  vol.  Ivi.  p.  309. 

X  Mctalliiri;ical  and  Chemical  Engifieering,  December  1914,  vol.  xii.  (12),  p.  791, 
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An  extremely  low  coefficient  of  expansion  enables  the  ware  to  withstand 
very  sudden  changes  of  temperature,  such  as  plunging  into  wsvter  at  a 
red  heat,  without  danger  of  fracture.  Such  ware  is  practically  impervious 
to  liquids,  and  is  unaffected  by  strong  acids  or  alkali  fusion  mixtures. 
The  fusing  point  of  tungsten  alloys  and  the  boiling  point  of  iron  *  have 
recently  been  successfully  determined  in  crucibles  of  zirconia. 

The  refined  oxide  is  too  costly  for  industrial  use  on  a  large  scale,  but 
natural  zirconia  possesses  only  slightly  inferior  refractory  properties.  The 
initial  cost  of  a  zirconia  furnace  lining,  which  is  rather  high  as  com- 
pared with,  for  example,  magnesite,  is  more  than  offset  by  its  high  melt- 
ing [toiut,  high  resistance  to  corrosive  slags,  metals,  and  metallic  oxides, 
and  by  its  low  thermal  conductivity  and  coefficient  of  expansion.  Statistics 
compiled  from  working  tests  on  a  Siemens-Martin  furnace  show  a  saving 
of  50  per  cent,  in  maintenance  cost  in  favour  of  a  zirconia-lined  hearth 
over  an  ordinary  refractory  lining,  such  as  is  generally  used. 

In  lining  furnaces,  &c.,  natural  zirconia  can  be  mixed  with  water-free 
tar  as  a  binder. — S.  L.  A. 


III.— ELECTRIC  FURNACES. 

Hering"  Furnace- — A  further  account  of  this  furnace,  which  utilizes 
the  "  pinch  effect,"  is  given  by  C.  Hering.f  It  has  been  used  with 
success  for  melting  brass  scrap,  the  consumption  in  a  1600  lb.  furnace 
being  about  1  kilowatt-hour  per  8  lb.  of  clean  brass  from  a  rather  poor 
scrap.  The  refractory  material  is  an  electrically  sintered  magnesite, 
which  stands  well. — C.  H.  D. 

Silfrax. — This  material,  as  described  by  F.  J.  Tone,{  is  obtained  by 
the  action  of  silicon  vapour  and  molten  silicon  on  blocks  of  carbon  in  a 
carborundum  furnace.  It  contains  from  91  to  94  per  cent,  of  silicon 
carbide,  and  varies  in  character  according  to  the  zone  of  the  furnace  in 
which  it  is  prepared.  The  crystals  are  smaller  and  more  closely  aggre- 
gated than  those  of  carborundum.  The  material  is  very  resistant  to 
heat  and  to  chemical  agents.  Pyrometer  tubes  are  readily  constructed 
of  silfrax.  The  discussion  on  this  pai)er  mainly  turned  on  the  point 
whether  carbon  volatilizes  appreciably  in  the  carborundum  furnace,  the 
author  maintaining  that  whilst  silfrax  is  obtained  by  the  direct  action  of 
silica  vapour  on  carbon,  carborundum  crystals  owe  their  origin  to  the 
reaction  (which  is  reversible)  between  silicon  and  carbon  monoxide.  F. 
A.  J.  FitzQerald  maintained,  on  the  other  hand,  that  all  the  reacting 
substances  are  partly  present  in  the  state  of  vapour. — C.  H.  D. 

*  Ruff,  Lieferheld,  and  Bruschke,  '/.eitschrift fur  ancrganische  Ciieiiiie,  l'.tl4,  p.  389. 
t  Transactions  of  the  American  Electro-chemical  Society,  1914,  vol.  xxvi.  p.  L'-14. 
X  Ibid. ,  p.  181. 
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Silit  Resistances. — The  use  of  silit  for  electric  heating  is  described 
ill  three  editorial  articles.*  This  material  is  a  mixture  of  silicon  carbide 
and  free  silicon  prepared  in  the  electric  furnace.  The  latest  preparation 
is  stated  to  consist  of  silicon  carbide  only.  It  may  be  heated  to  1400°  C. 
in  air  or  in  vacuo  without  injury.  The  resistance  falls  at  1000°  C.  to 
about  one-third  of  its  value  at  the  ordinary  temjjerature,  but  is  nearly 
constant  from  900°  or  1000°  C.  upwards.  It  may  be  turned  or  cut  to 
any  shape.  Resistances  may  be  made  in  tubular  form  or  in  the  form  of 
jmrallel  rods. — C.  H.  D. 

Wile  Furnace. — A  slag  resistance  furnace  is  described  by  R.  8. 
Wile  f  for  smelting  tin  dross.  Two-  or  three-phase  current  is  u.sed. 
lu  starting  the  furnace,  the  top  electrodes  are  lowered,  and  granular 
carbon  is  thrown  in  until  arcing  occurs,  then  broken  glass  is  added.  As 
this  melts,  the  electrodes  are  raised.  The  tin  dross,  mixed  with  carbon, 
is  then  added,  Avith  silica  if  necessary.  Tin  and  slag  are  tapped  off 
separately.  There  is  no  loss  by  volatilization,  the  cold  charge  being 
above  the  slag.  The  loss  of  tin  in  the  slag  is  about  0'5  per  cent,  of  the 
tin  in  the  charge. — C.  H.  D. 

*  Elektrocheiidsche  ZeitschHft ,  1915,  vol.  xxi.  pp.  91,  126,  174. 

t  Transactions  of  the  American  Electro-chemical  Society ,  1914,  vol.  xxvi.  p.  181. 
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The  ComjKtnies  (Consolidation)  Act,  1908 


^Dcnlorau^uln  of  association 

OP 

THE   INSTITUTE  OF  METALS 


1.  The  name  of  the  Company  is  The  Institute  of  Metals. 

2.  The  Registered  Office  of  the  Association  will  be  situate 
in  England. 

3.  The   objects    for   which    the   Association   is   established 
are : — 

(a)  To  take  over  the  whole  or  any  of  the  property  and 
assets,  which  can  be  legally  vested  in  the  Asso- 
ciation, and  the  liabilities  and  obligations  of  the 
unincorporated  Society  known  as  the  Institute 
of  Metals,  and,  with  a  view  thereto,  to  enter 
into  and  carry  into  effect,  with  or  without 
modifications,  the  agreement  which  has  ah-eady 
been  engrossed  and  is  expressed  to  be  made 
between  Gilbert  Shaw  Scott  of  the  one  part, 
and  the  Association  of  the  other  part,  a  copy 
whereof  has,  for  the  purpose  of  identification, 
been  signed  by  three  of  the  subscribers  hereto. 

{h)  To  promote  the  science  and  practice  of  non-ferrous 
metaUurgy  in  all  its  branches,  and  to  assist  the 
progress  of  inventions  likely  to  be  useful  to 
the  members  of  the  Association  and  to  the 
community  at  large. 
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(c)  To  afford  a  means  of  communication  between  mem- 
bers of  the  non-ferrous  metal  trades  upon 
matters  bearing  upon  their  respective  manu- 
factures other  than  questions  connected  with 
wages,  management  of  works,  and  trade 
regulations. 

{(I)  To  facilitate  the  exchange  of  ideas  between  mem- 
bers of  the  Association  and  between  members 
of  the  Association  and  the  community  at  large 
by  holding  meetings  and  by  the  publication  of 
literature,  and  in  particular  by  the  publication 
of  a  Journal  dealing  wholly  or  in  part  with 
the  objects  of  the  Association. 

(e)  To  establish  Branches  of  the  Association   either   in 
'  '  the  United  Kingdom  or  abroad  to  be  affiliated 

to  the  Association  upon  such  terms  and  con- 
ditions as  may  be  deemed  advisable,  but  so 
that  all  such  Branches  shall  prohibit  the  dis- 
tribution of  their  income  and  property  by  way 
of  dividend  or  otherwise  amongst  their  members 
to  an  extent  at  least  as  great  as  is  imposed  on 
the  Association  by  virtue  of  Clause  4  hereof. 

(/)  To  acquire  by  purchase,  taking  on  lease  or  other- 
wise, lands  and  buildings  and  all  other  property 
real  and  personal  which  the  Association,  for  the 
purposes  thereof,  may  from  time  to  time  think 
proper  to  acquire  and  which  may  lawfully  be 
held  by  them,  and  to  re-sell,  under-lease,  or 
sub-let,  surrender,  turn  to  account,  or  dispose 
of  such  property  or  any  part  thereof,  and  to 
erect  upon  any  such  land  any  building  for  the 
purposes  of  the  Association,  and  to  alter  or  add 
to  any  building  erected  upon  such  land. 

{(j)  To  invest  and  deal  with  the  moneys  of  the  Associa- 
tion not  inimediately  required  in  such  manner 
as  may  from  time  to  time  be  determined. 
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ill)  To  borrow  or  raise  or  secure  the  payment  of  money 
in  such  manner  as  the  Association  shall  think 
fit,  and  in  particular  by  Mortgage  or  Charge 
upon  any  of  the  property  of  the  Association 
(both  present  and  future),  and  to  redeem  and 
pay  off  any  such  securities. 

{%)  To  undertake  and  execute  any  trusts,  the  under- 
taking whereof  may  seem  desirable. 

(Z;)  To  establish  and  support,  or  aid  in  the  establishment 
and  support  of  associations,  institutions,  funds, 
trusts,  and  conveniences  calculated  to  benefit 
employees  or  ex-employees  of  the  Association 
or  the  dependents  or  connections  of  such  per- 
sons, and  to  grant  pensions  and  allowances  and 
to  make  payments  towards  insurances,  and  to 
subscribe  or  guarantee  money  for  charitable  or 
benevolent  objects  or  for  any  Exhibition  or  for 
any  public,  general,  or  useful  object. 

{I)  To  establish,  form,  and  maintain  a  library  and  col- 
lection of  metals,  alloys,  models,  designs,  and 
drawings,  and  other  articles  of  interest  in  con- 
nection with  the  objects  of  the  Association,  or 
any  of  them. 

(7?i)  To  give  prizes  or  medals  as  rewards  for  research, 
for  inventions  of  a  specified  character,  or  for 
improvements  in  the  production  or  manufacture 
of  non-ferrous  metals  and  their  alloys,  and  to 
expend  money  in  researches  and  experiments, 
and  in  such  other  ways  as  may  extend  the 
knowledge  of  non-ferrous  metals  and  their  alloys. 

ill)  To  do  all  things  incidental  or  conducive  to  the 
attainment  of  the  above  objects  or  any  of  them. 

Provided  that  the  Association  shall  not  support  with  its 
funds  or  endeavour  to  impose  on  or  procure  to  be  observed 
by  its  members  any  regulations  which,  if  an  object  of  the 
Association,  would  make  it  a  Trade  Union. 
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Provided  also  that  in  case  the  Association  shall  take  or 
hold  any  property  subject  to  the  jurisdiction  of  the  Charity 
Commissioners  or  Board  of  Education  for  England  and  Wales, 
the  Association  shall  not  sell,  mortgage,  charge,  or  lease  the 
same  without  such  authority,  approval  or  consent  as  may  be 
required  by  law,  and  as  regards  any  such  property  the  Council 
or  Trustees  of  the  Association  shall  be  chargeable  for  such 
property  as  may  come  into  their  hands,  and  shall  be 
answerable  and  accountable  for  their  OAvn  acts,  receipts, 
neglects,  and  defaults,  and  for  the  due  administration  of  such 
property  in  the  same  manner  and  to  the  same  extent  as  they 
would  as  such  Council  or  as  Trustees  of  the  property  of  the 
Association  have  been  if  no  incorporation  had  been  effected, 
and  the  incorporation  of  the  Association  shall  not  diminish 
or  impair  any  control  or  authority  exercisable  by  the  Chancery 
Division,  the  Charity  Commissioners,  or  the  Board  of  Education 
over  such  Council  or  Trustees,  but  they  shall,  as  regards  any 
such  property,  be  subject  jointly  and  separately  to  such 
control  and  authority  as  if  the  Association  were  not  incor- 
porated. In  case  the  Association  shall  take  or  hold  any 
property  which  may  be  subject  to  any  trusts,  the  Association 
shall  only  deal  with  the  same  in  such  manner  as  allowed 
by  law  having  regard  to  such  trusts. 

4.  The  income  and  property  of  the  Association  whenceso- 
ever  derived  shall  be  applied  solely  towards  the  promotion  of 
the  objects  of  the  Association  as  set  forth  in  this  Memorandum 
of  Association,  and  no  portion  thereof  shall  be  paid  or  trans- 
ferred directly  or  indirectly  by  way  of  dividend,  bonus,  or 
otherwise  howsoever  by  way  of  profit,  to  the  members  of  the 
Association.  Provided  that  nothing  herein  contained  shall 
prevent  the  payment  in  good  faith  of  remuneration  to  any 
officers  or  servants  of  the  Association,  or  to  any  member  of 
the  Association,  in  return  for  any  services  actually  rendered 
to  the  Association,  but  so  that  no  member  of  the  Council 
or  governing  body  of  the  Association  shall  be  appointed  to 
any  salaried  office  of  the  Association  or  any  office  of  the 
Association  paid  by  fees,  and  that  no  remuneration  or  other 
benefit  in   money  or  money's  worth  shall  be   given   to   any 
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member  of  such  Council  or  governing  body  except  repay- 
ment of  out  of  pocket  expenses  and  interest  at  a  rate  not 
exceeding  5  per  cent,  per  annum  on  money  lent,  or  reasonable 
and  proper  rent  for  premises  demised  to  the  Association. 
Provided  that  this  provision  shall  not  apply  to  any  payment 
to  any  railway,  gas,  electric  lighting,  water,  cable,  or  telephone 
company  of  which  a  member  of  the  Council  or  governing  body 
may  be  a  member,  or  any  other  company  in  which  such 
member  shall  not  hold  more  than  one-hundredth  part  of  the 
capital,  and  such  member  shall  not  be  bound  to  account 
for  any  share  of  profits  he  may  receive  in  respect  of  such 
payment. 

5.  The  fourth  paragraph  of  this  Memorandum  is  a  con- 
dition on  which  a  license  is  granted  by  the  Board  of  Trade  to 
the  Association  in  pursuance  of  Section  20  of  the  Companies 
(Consolidation)  Act,  1908. 

6.  The  liability  of  the  members  is  limited. 

7.  Every  member  of  the  Association  undertakes  to  con- 
tribute to  the  assets  of  the  Association  in  the  event  of  the 
same  being  wound  up  during  the  time  that  he  is  a  member, 
or  within  one  year  afterwards,  for  payment  of  the  debts  and 
liabilities  of  the  Association  contracted  before  the  time  at 
which  he  ceases  to  be  a  member,  and  of  the  costs,  charges, 
and  expenses  of  winding  up  the  same,  and  for  the  adjust- 
ment of  the  rights  of  the  contributories  amongst  themselves, 
such  amount  as  may  be  required  not  exceeding  one  pound. 

8.  If  upon  the  winding-up  or  dissolution  of  the  Association 
there  remains,  after  satisfaction  of  all  its  debts  and  liabilities, 
any  property  whatsoever,  the  same  shall  not  be  paid  to  or 
distributed  among  the  members  of  the  Association,  but  shall 
be  given  or  transferred  to  some  other  Institution  or  Institu- 
tions not  formed  or  carrying  on  business  for  profit  having 
objects  similar  to  the  objects  of  the  Association,  to  be 
determined  by  the  members  of  the  Association  at  or  before 
the  time  of  dissolution,  or  in  default  thereof  by  such 
Judge  of  the  High  Court  of  Justice  as  may  have  or  acquire 
jurisdiction  in  the  matter,  and  if  and  so  far  as  effect  cannot 
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be  given  to  the  aforesaid   provision,  then  to  some  charitable 
objects. 

9.  True  accounts  shall  be  kept  of  the  sums  of  money 
received  and  expended  by  the  Association,  and  the  matter 
in  respect  of  which  such  receipt  and  expenditure  takes  place, 
and  of  the  property,  credits,  and  liabilities  of  the  Association, 
and,  subject  to  any  reasonable  restrictions  as  to  the  time 
and  manner  of  inspecting  the  same  that  may  be  imposed 
in  accordance  with  the  regulations  of  the  Association  for 
the  time  being,  shall  be  open  to  the  inspection  of  the 
members.  Once  at  least  in  every  year  the  accounts  of  the 
Association  shall  be  examined  and  the  correctness  of  the 
balance-sheet  ascertained  by  one  or  more  properly  qualified 
auditor  or  auditors. 

WE,  the  several  persons  whose  names  and  addresses  are 
subscribed,  are  desirous  of  being  formed  into  an  Association 
in  pursuance  of  this  Memorandum  of  Association. 

Names,  Addkesses,  and  Desceiptions  of  Subscribers 

Gerard  Albert  Muntz,  French  Walls,  Birmingham,  Baronet. 
Thomas  Turner,  The  University  of  Birmingham,  Professor  of  Metal- 
lurgy. 

Alfred  Kirby  Huntington,  The  University  of  London,  Professor  of 

Metalluigy. 
William  H.  Johnson,  24  Lever  Street,  Manchester,  Iron  Merchant 

and  Manufactuier. 
James  Tayler  Milton,  Lloyd's  Register,  E.O.,  Chief  Engineer  Surveyor. 
Robert  Kaye  Gray,  Abbey  Wood,  Kent,  Civil  Engineer. 
Emmanuel    Ristori,    54    Parliament    Street,    London,    S.W.,    Civil 

Engineer. 
Cecil    Henry    Wilson,    Pitsmoor    Road,   Sheffield,   Gold   and   Silver 

Refiner. 
William    Henry    White,    8    Victoria    Street,    Westminster,    Naval 

Architect. 
Henry  John  Oram,  Admiialty,  London,  S.W.,  Engineer  Vice- Admiral. 

Dated  this  27th  Day  of  July  1910. 

Witness  to  the  above  signatures — 

Arthur  E.  Burton,  Solicitor, 

Hastings  House,  Norfolk  Street, 
Strand,  W.C. 
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articles  of  aeeociation 

OF 

THE  INSTITUTE  OF  METALS 


Section  I.— CONSTITUTION 

1.  For  the  purposes  of  registration  the  number  of  members 
of  the  Association  is  to  be  taken  to  be  1000,  but  the  Council 
may  from  time  to  time  register  an  increase  of  members. 

2.  The  subscribers  to  the  Memorandum  of  Association  and 
such  other  members  as  shall  be  admitted  in  accordance  with 
these  Articles,  and  none  others,  shall  be  members  of  the 
Association  and  shall  be  entered  on  the  register  of  members 
accordingly. 

3.  Every  person  who  was  a  member  of  the  unincorporated 
Society  known  as  the  Institute  of  Metals  on  the  day  pre- 
ceding the  date  of  the  incorporation  of  this  Association,  and 
who  has  not  already  become  a  member  of  this  Association 
by  virtue  of  having  subscribed  the  Memorandum  of  Associa- 
tion thereof,  shall  be  entitled  to  be  admitted  to  membership 
of  the  Association  upon  writing  his  name  in  a  book  which 
has  been  provided  for  that  purpose,  or  upon  notifying  in 
writing  to  the  Association  at  its  Registered  Office  his  desire 
to  become  a  member,  and  immediately  upon  the  making 
of  such  entry  or  the  receipt  of  such  notice,  shall  be  deemed 
to  have  been  admitted  and  to  have  become  a  member  of 
the  Association  and  shall  be  placed  upon  the  register  of 
members  accordingly,  and  thereupon  any  sums  due  and 
owing  by  such  persons  to  the  unincorporated  Society  shall 
immediately  become  due  and  payable  by  him  to  the 
Association. 
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4.  Members  of  the  Association  shall  be  either  Honorary 
Members,  Fellows,  Ordinary  Members,  or  Student  Members, 
and  shall  be  respectively  entitled  to  use  the  following  abbre- 
viated distinctive  titles :  Hon.  Members,  Hon.  M.Inst.Met. ; 
Fellows,  F.Inst. Met. ;  Ordinary  Members,  M.Inst.Met. ;  and 
Students,  S.Inst. Met. 

5.  HoTwrary  Members. — It  shall  be  within  the  province  of 
the  Council  to  elect  not  more  than  twelve  honorary  members, 
who  shall  be  persons  of  distinction  interested  in  or  connected 
with  the  objects  of  the  Association.  Honorary  Members  shall 
not  be  eligible  for  election  on  the  Council  nor  entitled  to  vote 
at  meetings  of  the  Association,  and  the  provisions  of  Article  7 
and  Clause  7  of  the  Memorandum  of  Association  shall  not  apply 
to  such  members. 

Fellows  shall  be  chosen  by  the  Council,  shall  be  limited  in 
number  to  twelve,  and  shall  be  members  of  the  Institute 
who  have,  in  the  opinion  of  the  Council,  rendered  eminent 
service  to  the  Association. 

Ordinary  Members  shall  be  more  than  twenty-three 
years  of  age,  and  shall  be  persons  occupying  responsible 
positions.  They  shall  be  either  (a)  persons  engaged  in 
the  manufacture,  working,  or  use  of  non-ferrous  metals  and 
alloys ;  or  (b)  persons  of  scientific,  technical,  or  literary 
attainments  connected  with  or  interested  in  the  metal  trades 
or  with  the  application  of  non-ferrous  metals  and  alloys. 

Student  Members  shall  be  more  than  seventeen  years  of 
age,  and  shall  not  remain  Student  Members  of  the  Association 
after  they  are  twenty-five  years  of  age,  and  shall  be  either 
(a)  Students  of  Metallurgy ;  or  (b)  pupils  or  assistants  of 
persons  qualified  for  ordinary  membership  whether  such 
persons  are  actually  members  of  the  Association  or  not. 
Student  Members  shall  not  be  eligible  for  election  on  the 
Council  nor  entitled  to  vote  at  the  meetings  of  the  Association. 

Section  II.— ELECTION   OF   MEMBERS 

6.  Save  as  hereinbefore  provided,  applications  for  member- 
ship shall  be  in  writing  in  the  form  following  marked  "  A," 
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and  such  application  must  be  signed  by  the  applicant  and 
not  less  than  three  members  of  the  Association. 

FORM  A. 
To  the  Secretary. 

I,  the  undersigned,  ,  being  of 

the  required  age  and  desirous  of  becoming  a  Member  of  the 

Institute  of  Metals,  agree  that  I  will  be  governed  by  the  regulations  of 
the  Association  as  they  are  now  formed,  or  as  they  may  be  hereafter 
altered,  and  that  I  will  advance  the  interests  of  the  Association  as  far  as 
may  be  in  my  power ;  and  we,  the  undersigned,  from  our  personal  know- 
ledge, do  hereby  recommend  him  for  election. 

Name  in  full 

Address 

Business  or  Profession 

Qualifications 

Signature 

Dated  this  '         day  of  ,  19         . 


(Signatures 
of  three 
IM  embers. 


7.  Such  applications  for  membership  as  Ordinary  Members 
or  Student  Members  as  are  approved  by  the  Council  shall 
be  inserted  in  voting  lists.  These  voting  lists  will  constitute 
the  ballot  papers,  and  will  specify  the  name,  occupation, 
address,  and  proposers  of  each  candidate.  They  shall  be 
forwarded  to  the  members  for  return  to  the  Secretary  at  a 
fixed  date,  and  four-fifths  of  the  votes  recorded  shall  be 
necessary  for  the  election  of  any  person. 

Every  such  election  shall  be  subject  to  the  payment  by  the 
applicant  of  his  entrance  fee  and  first  annual  subscription,  and 
he  shall  not  become  a  member  of  the  Association  nor  be 
entered  on  the  Register  of  Members  until  such  sums  are 
actually  received  from  him.  In  the  event  of  his  failing  to 
pay  such  sums  within  the  time  specified  in  the  notification  to 
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him  of  his  election,  as  provided  in  the  next  clause  hereof,  his 
election  shall  be  void. 

8.  Upon  election  under  the  preceding  Article  the  Secretary 
shall  forward  to  the  applicant  so  elected  notice  thereof  in 
writing  in  the  form  following  marked  "  B." 

FORM  B. 

Sir, — I  beg  to  inform  you  that  on  the  you 

were  elected  a  Member  of  the  Institute  of  Metals,  subject  to 

the  payment  by  you  of  an  entrance  fee  of  £  ,  and  of  your 

first   annual   subscription    of   £  .     These   must  be  paid  to 

me   on   or  before  the  day  of  19     >  otherwise  your 

election  will  become  void. 

I  am,  Sir,  your  obedient  Servant, 

Secretary. 

9.  In  the  case  of  non-election,  no  mention  thereof  shall  be 
made  in  the  minutes. 


Section  III.— COUNCIL  AND   MODE   OF  ELECTION 

10.  The  affairs  of  the  Association  shall  be  managed  and 
conducted  by  a  Council,  which  shall  consist  of  a  President, 
Past-Presidents,  six  Vice-Presidents,  fifteen  Members  of 
Council,  an  Hon.  Secretary  or  Hon.  Secretaries,  and  an  Hon. 
Treasurer.  All  members  who  have  filled  the  office  of 
President  shall  be,  so  long  as  they  remain  members  of  the 
Association,  ex  officio  additional  members  of  the  Council  under 
the  title  of  Past-Presidents.  The  first  members  of  the  Council 
shall  be  the  following : — President,  Sir  Gerard  Muntz,  Bart. ; 
Vice-Presidents,  Prof.  H.  C.  H.  Carpenter,  Prof.  W.  Gowland, 
Prof.  A.  K.  Huntington,  Engineer  Vice-Admiral  H.  J.  Oram, 
Sir  Henry  A.  Wiggin,  Bart.  Ordinary  Members  of  Council, 
T.  A.  Bayliss,  G.  A.  Boeddicker,  Clive  Cookson,  J.  Corfield, 
R.  Kaye  Gray,  Summers  Hunter,  Dr.  R.  S.  Hutton,  E.  Mills, 
J.  T.  Milton,  G.  H.  Nisbett,  E.  Ristori,  A.  E.  Seaton,  Cecil  H. 
Wilson,  Prof.  T.  Turner  (Hon.  Treasurer),  W.  H.  Johnson 
(Hon.  Secretary). 


I 
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11.  Clauses  87,  89,  91,  92,  93,  and  94  of  the  Table  A  in 
the  First  Schedule  of  the  Companies  (Consolidation)  Act, 
1908,  shall  apply  to  and  form  part  of  the  Regulations  of 
the  Association,  with  the  substitution  of  "  Members  of  the 
Council  "  for  "  Directors  "  wherever  in  such  clauses  occurring. 

12.  The  quorum  for  the  transaction  of  business  by  the 
Council  may  be  fixed  by  the  Council,  but  shall  not  be  less 
than  five. 

13.  The  first  business  of  the  Association  shall  be  to  acquire 
the  property  and  assets,  and  to  undertake  the  liabilities  and 
obligations  of  the  unincorporated  Society  known  as  the 
Institute  of  Metals,  and  for  the  purpose  of  so  doing  the 
Council  shall  forthwith  take  into  consideration,  and,  if 
approved,  adopt  on  behalf  of  the  Association,  the  Agreement 
referred  to  in  Clause  3  (a)  of  the  Memorandum  of  Association. 

14.  The  President  shall  be  elected  annually,  and  shall  be 
eligible  for  re-election  at  the  end  of  the  first  year,  but  shall 
not  be  ehgible  for  re-election  again  until  after  an  interval  of 
at  least  two  years. 

15.  Two  Vice-Presidents  and  five  Members  of  the  Council, 
in  rotation,  shall  retire  annually,  but  shall  be  eligible  for 
re-election.  The  members  of  the  Council  to  retire  in  every 
year  shall  be  those  who  have  been  longest  in  office  since  their 
last  election,  but  as  between  persons  who  became  members  of 
the  Council  on  the  same  day,  those  to  retire  shall  (unless 
they  otherwise  agree  among  themselves)  be  determined  by  lot. 
In  addition,  those  Vice-Presidents  and  Members  of  Council 
shall  retire  who  have  not  attended  any  meeting  of  the  Council 
or  Association  during  the  previous  year,  unless  such  non- 
attendance  has  been  caused  by  special  circumstances  which 
shall  have  been  duly  notified  to,  and  accepted  by,  the  Council 
as  sufficient  explanation  of  absence. 

16.  At  the  Ordinary  General  Meeting  preceding  the  Annual 
Meeting,  the  Council  shall  present  a  list  of  members  nomi- 
nated by  them  for  election  on  the  Council.  Any  ten  mem- 
bers may  also,  at  such  Meeting,  nominate  a  candidate  other 
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than  one  of  those  nominated  by  the  Council.  A  list  of  candi- 
dates so  nominated  shall  be  forwarded  to  each  member  of  the 
Association,  and  must  be  returned  by  him  to  be  received  by 
the  Secretary  not  later  than  seven  days  preceding  the  Annual 
Meeting. 

17.  A  member  may  erase  any  name  or  names  from  the  list 
so  forwarded,  but  the  number  of  names  on  the  list,  after  such 
erasure,  must  not  exceed  the  number  to  be  elected  to  the 
respective  offices  as  before  enumerated.  The  lists  which  do 
not  accord  with  these  directions  shall  be  rejected  by  the 
Scrutineers.  The  votes  recorded  for  any  member  as  Presi- 
dent, shall,  if  he  be  not  elected  as  such,  count  for  him  as 
Vice-President,  and,  if  not  elected  as  Vice-President,  shall 
count  for  him  as  ordinary  member  of  the  Council.  And  the 
votes  recorded  for  any  member  as  Vice-President  shall,  if  he 
be  not  elected  as  such,  count  for  him  as  ordinary  member 
of  the  Council. 

18.  The  Council  shall  have  power  to  appoint  a  member 
to  fill  up  any  vacancy  that  may  occur  in  the  Council  during 
their  year  of  office,  but  any  person  so  appointed  shall  hold 
office  only  until  the  next  following  Ordinary  General  Meeting, 
and  shall  then  be  eligible  for  re-election. 


Section   IV.— DUTIES    OF    OFFICERS 

19.  The  President  shall  be  Chairman  at  all  Meetings  at 
which  he  shall  be  present,  and  in  his  absence  one  of  the 
Vice-Presidents,  to  be  elected,  in  case  there  shall  be  more 
than  one  present,  by  the  Meeting.  In  the  absence  of  a 
Vice-President,  the  members  shall  elect  a  Chairman  for 
that  Meeting. 

20.  An  account  shall  be  opened  in  the  name  of  the 
Association  with  a  Bank  approved  by  the  Council,  into  which 
all  moneys  belonging  to  or  received  by  the  Association  shall 
be  paid.  All  cheques  on  such  account  shall  be  signed  by 
a  member  of  the  Council  and  countersigned  by  the  Honorary 
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Treasurer.     No    account    shall    be    paid    before   it   has   been 
certified  as  correct  by  the  Council. 

21.  The  Hon.  Secretary  or  Secretaries  shall  be  elected  or 
appointed  by  the  Council.  He  or  they  shall  attend  all  Meetings, 
shall  take  minutes  of  the  proceedings,  shall  be  responsible 
for  the  safe  custody  of  all  papers,  books,  and  other  moveable 
property  of  the  Association,  and  shall  perform  such  other 
duties  as  may  be  prescribed  by  the  Council  from  time  to  time. 
In  particular,  he  or  they  shall  be  responsible  for  editing  the 
Journal  of  the  Institute  of  Metals. 

The  Council  shall  have  power  to  appoint  a  paid  Secretary 
or  Secretaries,  and  to  delegate  to  him  or  them  all  or  any  of 
the  duties  of  the  Hon.  Secretary  or  Secretaries. 

Section    V.— GENERAL    MEETINGS 

22.  The  First  General  Meeting  shall  be  held  at  such  time, 
not  being  more  than  three  months  after  the  incorporation 
of  the  Association,  and  at  such  place  as  the  Association 
may  determine.  Subsequent  there  shall  be  at  least  two 
General  Meetings  in  each  calendar  year,  one  of  which  shall 
be  held  in  London  during^  the  first  three  months  of  the 
calendar  year,  and  the  other  at  such  time  after  the  said 
Meeting  to  be  held  in  London  and  in  such  locality  as  the 
Council  may  direct.  The  Meeting  in  London  shall  be  the 
Annual  General  Meeting. 

The  quorum  for  a  General  Meeting  shall  be  10  members 
personally  present. 

23.  The  Council  may  convene  an  Extraordinary  General 
Meeting  for  any  special  purpose  whenever  they  consider  it  to 
be  necessary.  The  Council  shall  convene  an  Extraordinary 
General  Meeting  for  a  special  purpose,  upon  a  requisition  to 
that  effect,  signed  by  not  less  than  twenty  members.  The 
business  of  such  a  Meeting  shall  be  confined  to  the  special 
subjects  named  in  the  notice  convening  the  same.  No  mem- 
ber whose  subscription  is  in  arrear  shall  be  entitled  to  debate 
or  to  vote  at  any  General  Meeting. 
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In  case  of  equality  of  voting  at  any  Meeting  the  Chairman 
shall  have  an  additional  or  casting  vote. 

24.  Seven  days'  notice  at  the  least  (exclusive  of  the  day  on 
which  the  notice  is  served  or  deemed  to  be  served,  but  in- 
clusive of  the  day  for  which  notice  is  given)  specifying  the 
place,  the  day,  and  the  hour  of  Meeting,  and,  in  case  of  special 
business,  the  general  nature  of  that  business,  shall  be  given  in 
manner  hereinafter  mentioned,  or  in  such  other  manner,  if 
any,  as  may  be  prescribed  by  the  members  of  the  Association 
in  General  Meeting,  to  such  persons  as  are,  under  the  regula- 
tions of  the  Association,  entitled  to  receive  such  notices  from 
the  Association,  but  the  non-receipt  of  the  notice  by  any 
member  shall  not  invalidate  the  meeting. 

25.  A  notice  may  be  given  by  the  Association  to  any  mem- 
ber, either  personally  or  by  sending  it  by  post  to  him  to  his 
registered  address,  or  (if  he  has  no  registered  address  in  the 
United  Kingdom)  to  the  address,  if  any,  within  the  United 
Kingdom  supplied  by  him  to  the  Association  for  the  giving  of 
notices  to  him. 

Where  a  notice  is  sent  by  post,  service  of  the  notice  shall  be 
deemed  to  be  effected  by  properly  addressing,  prepaying,  and 
posting  a  letter  containing  the  notice,  and  a  certificate  of  the 
Secretary  or  other  Officer  of  the  Association  that  such  notice 
was  so  posted  shall  be  sufficient  proof  of  service.  A  notice  so 
posted  shall  be  deemed  to  have  been  served  the  day  following 
that  upon  which  it  was  posted. 

26.  If  a  member  has  no  registered  address  in  the  United 
Kingdom,  and  has  not  supplied  to  the  Association  an  address 
within  the  United  Kingdom  for  the  giving  of  notices  to  him, 
a  notice  addressed  to  him  and  advertised  in  a  newspaper 
circulating  in  the  neighbourhood  of  the  registered  office  of 
the  Association  shall  be  deemed  to  be  duly  given  to  him  on 
the  day  on  which  the  advertisement  appears. 

27.  Notice  of  every  General  Meeting  shall  be  given  in 
some  manner  hereinbefore  authorised  to  every  member  of  the 
Association,  except  those  members  who  (having  no  registered 
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address  within  the  United  Kingdom)  have  not  supplied  to 
the  Association  an  address  within  the  United  Kingdom  for 
the  giving  of  notices  to  them.  No  other  persons  shall  be 
entitled  to  receive  notices  of  General  Meetings,  but  the  Asso- 
ciation may,  but  shall  not  be  bound  to  give  notice  of  General 
Meetings  to  members  not  entitled  thereto  in  such  manner  as 
in  the  opinion  of  the  Council  may  be  practicable  and  con- 
venient. 

Section  VL— SUBSCRIPTIONS 

28.  The  subscription  of  each  ordinary  member  shall  be  two 
guineas  per  annum,  and  of  each  student  member  one  guinea 
per  annum.  Ordinary  members  shall  pay  an  entrance  fee  of 
two  guineas  each,  and  students  an  entrance  fee  of  one  guinea 
each.  Provided  that  no  entrance  fee  shall  be  required  from 
any  person  who  was  a  member  of  the  unincorporated  Society 
known  as  the  Institute  of  Metals  on  the  day  preceding  the 
Incorporation  of  this  Association,  and  who  had  paid  an  en- 
trance fee  to  the  said  Society.  No  entrance  fee  or  sub- 
scription shall  be  payable  in  the  case  of  Honorary  members. 

29.  Subscriptions  shall  be  payable  in  advance  on  July  1st 
in  each  year,  save  in  the  case  of  Ordinary  Members  and 
Student  Members  elected  under  Clauses  6  and  7  hereof, 
whose  entrance  fee  and  annual  subscription  shall  become 
payable  in  accordance  with  the  notification  to  them  of  their 
election.  Every  subscription  shall  cover  the  period  down  to 
the  30  th  of  June  next  following,  and  no  longer,  and  for  this 
purpose  any  subscription  paid  to  the  unincorporated  Society 
for  the  period  of  July  1st,  1909,  to  June  30th,  1910,  by  any 
person  who  becomes  a  member  of  this  Association  shall  go  and 
be  in  satisfaction  of  any  payment  due  in  respect  of  membership 
of  this  Association  up  to  the  30th  of  June  1910. 

30.  Subject  to  the  provisions  of  Clause  7  hereof,  any 
member  whose  subscription  shall  be  six  months  in  arrear, 
shall  forfeit  temporarily  all  the  privileges  of  the  Association. 
Due  notice  in  the  Form  following  marked  "  C "  shall  be 
given   to    such    member,   and    if    such    subscription    remains 
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unpaid  upon  the  date  specified  for  payment  in  this  notice, 
the  Council  may  remove  such  member  from  the  Register 
of  Members  of  the  Association,  and  thereupon  any  member 
whose  name  is  so  removed  shall  cease  to  be  a  member 
thereof,  but  shall  nevertheless  remain  liable  to  the  Association 
for  such  arrears. 

FORM  C. 

SiH, — I  am   directed   to  inform   you  that   your    subscription   to   the 

Institute  of  Metals,  due  ,  and  amounting  to  £>  , 

is  in  arrear,  and  that  if  the  same  be  not  paid  to  me  on  or  before  the 

day  of  ,  19       ,  your  name  will  be  removed 

from  the  Register  of  Members  of  the  Association. 

I  am.  Sir,  your  obedient  Servant, 

Secretary. 

31.  The  Council  may,  in  their  discretion,  and  upon  such 
terms  as  they  think  fit  (including  the  payment  of  all  arrears), 
accede  to  any  application  for  reinstatement  by  a  person  whose 
name  has  been  removed  from  the  Register  under  the  last 
preceding  Clause  hereof,  and  the  name  of  any  person  so 
reinstated  shall  be  placed  upon  the  Register  of  Members 
accordingly. 

The  Council,  in  their  discretion,  may  remove  from  the 
Register  the  name  of  any  member  who  shall,  in  the  opinion 
of  the  Council,  be  undesirable  or  unfit  to  remain  a  member 
after  first  giving  him  a  reasonable  opportunity  of  being 
heard,  and  thereupon  he  shall  cease  to  be  a  member  of  the 
Association. 

Section  VII.— AUDIT 

32.  The  provisions  of  the  Companies  (Consolidation)  Act, 
1908,  as  to  Audit  and  Auditors  shall  apply  to  and  be  observed 
by  the  Association,  the  first  General  Meetmg  being  treated  as 
the  Statutory  Meeting,  the  Council  being  treated  as  the 
Directors,  and  the  members  being  treated  as  the  Shareholders 
mentioned  in  that  Act. 
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Section  VIII.— JOURNAL 

33.  The  Journal  of  the  Association  may  inchide  one  or 
more  of  the  following : — 

(«.)  Communications    made    by    members,    students,    or 

others. 
(&)  Abstracts  of  papers  appearing  elsewhere, 
(c)   Original  papers  appearing  elsewhere. 
(fZ)  Advertisements  approved  by  the  Council. 

Every  member  shall  be  entitled  to  receive  one  copy  of  each 
issue  of  the  Journal,  delivered,  post  free,  to  his  registered 
address. 

Section  IX.— COMMUNICATIONS 

34.  All  communications  shall  be  submitted  to  the  Council, 
and  those  approved  may  be  brought  before  the  General 
Meetings.  This  approval  by  the  Council  shall  not  be  taken 
as  expressing  an  opinion  on  the  statements  made  or  the 
arguments  used  in  such  communications. 

Section  X.— PROPERTY    OF   THE    ASSOCIATION 

35.  All  communications  so  made  shall  be  the  property  of 
the  Association,  and  shall  be  published  only  in  the  Journal 
of  the  Association,  or  in  such  other  manner  as  the  Council 
may  decide. 

36.  All  books,  drawings,  communications,  models,  and  the 
like  shall  be  accessible  to  members  of  the  Association,  and  the 
Council  shall  have  power  to  deposit  the  same  in  such  place  or 
places  as  they  may  consider  convenient  for  the  members. 

Section   XI.— CONSULTING   OFFICERS 

37.  The  Council  shall  have  power  to  appoint  such  con- 
sulting officers  as  may  be  thought  desirable  from  time  to 
time,  and,  subject  to  the  provisions  of  Clause  4  of  the 
Memorandum  of  Association,  may  vote  them  suitable  re- 
muneration. 
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Section  XIL— INDEMNITY 

38.  Every  member  of  Council,  Secretary,  or  other  officer 
or  servant  of  the  Association,  shall  be  indemnified  by  the 
Association  against,  and  it  shall  be  the  duty  of  the  Council 
out  of  the  funds  of  the  Association  to  pay  all  costs,  losses, 
and  expenses  which  any  such  officer  or  servant  may  incur 
or  become  liable  to  by  reason  of  any  contract  entered  into 
or  act  or  thing  done  by  him  as  such  officer  or  servant 
or  in  any  way  in  the  discharge  of  his  duties,  including 
travelling  expenses. 

Names,  Addresses,  and  Descriptions  of  Subscribers 

Gerard  Albert  Muntz,  French  Walls,  Birmingham,  Baronet. 

Thomas  Turner,  The  University  of  Birmingham,  Professor  of  Metal- 
lurgy. 

Alfred  Kirby  Huntington,  The  University  of  London,  Professor  of 
Metallurgy. 

William  H.  Johnson,  24  Lever  Street,  Manchester,  Iron  Merchant 
and  Manufacturer. 

James  Tayler  Milton,  Lloyd's  Register,  &c..  Chief  Engineer  Surveyor. 

Robert  Kaye  Gray,  Abbey  Wood,  Kent,  Civil  Engineer. 

Emmanuel    Ristori,    54    Parliament    Street,    London,    S.W.,    Civil 
Engineer. 
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Corrosion  Committee,  5. 
Corrosive  liquids,  pipe-line  for,  340. 

COTTRELL  process  OF  FUME  PRECIPITATION,  347. 

Council,  Report  of,  2. 
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Crucible  puknaces,  small,  347. 

Crystals,  internal  structure  of,  o21. 

CUPKLLATION,  copper  in,  352. 

Cutting  by  means  of  ox_v-acetylene,  339. 

Cyanide  solutions,  film  on  copper  anodes  in,  340. 


D. 

Delegates  to  Conferences,  10. 

Die-castings,  335,  365. 

Drawing  metal  tubes,  337. 

Dust  removal  in  casting,  grinding,  and  polishing  operations,  3(56. 


E. 

Elasticity  of  nickel,  variation  of,  with  temperature,  320. 

Electric  furnaces,  36'J. 

Electric  heating  by  means  of  silit,  370. 

Electrical  leakage,  in-evention  of,  301. 

Electrical  pyrometers,  3G1,  302. 

Electro-chemical  investigation,  347. 

Electro-chemistry,  345. 

Electro-deposition  of  tin,  849. 

Electrode  joints,  measurement  of  the  resistance  of,  347. 

Electrolysis,  kinematographic  pictures  of,  348. 

Electrolytic  copper,  structure  of,  316. 

Electrolytic  estiiniation  op  nickel,  354. 

Electrolytic  etching,  209. 

Electrolytic  insulation  of  aluminium,  345. 

Electrolytic  separations  in  hydrofluoric  acid  solutions,  353. 

Electro-metallurgy,  345. 

Electrometric  titrations,  353. 

Electron  theory,  319. 

Electro-percussive  welding,  349. 

Etching  reagents  and  their  applications,  193. 


F. 

Failures  in  metal  parts,  338. 

Ferric  chloride  as  an  etching  reagent,  201. 

Finance,  8. 

Flanging  aluminium  sheet  metal,  333. 

Foundry,  365. 

Fracturing  by  bursting,  318. 

FUMK  PRECIPITATION,  347., 

Furnace,  resistance,  347. 

Furnaces,  364. 

Fused  salts,  metallic  "fog"  in,  319. 
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a. 

Galvanizing  malleable  castings,  338. 

German  silver,  329. 

Gold  and  aluminium,  alloys  of,  322. 

Gold  and  silver  surfaces,  combustion  on,  316. 

Gold-cadmium  alloys,  328. 

Gold,  silver,  nickel,  and  copper,  alloys  of,  327. 

Graphite,  Acheson,  347. 

Grinding,  dust  removal  in,  366. 

H. 

Hardness  tests  of  coarse-grained  metals,  359. 

Heat,  effect  of,  on  the  mechanical  properties  of  metals,  23. 

Heat-tinting  for  revealing  the  structure  of  alloys,  210. 

Heat-treatment,  electric  pyrometers  for,  362. 

Hering  furnace,  369. 

Hydrochloric  acid  as  an  etching  reagent,  203,  206. 

Hydrofluoric  acid  as  an  etching  reagent,  203,  221. 

HYDEOFLUORid  ACID  SOLUTIONS,  electrolytic  separations  in,  353. 


Industrial  applications  of  alloys  and  metals,  331. 
Industrial  locomotives,  non-ferrous  metals  in,  338. 
Intermetallic  compounds,  variable,  331. 
Internal  structure  of  crystals,  321. 
Iodine  as  an  etching  reagent,  204,  206. 
Iron  and  steel,  protective  coatings  for,  340. 

zinc  as  a  protective  coating  for,  344. 

Iron,  nickel,  cobalt,  and  manganese,  alloys  of,  at  high  temperatures,  326. 


J. 

Jointing  aluminium,  methods  of,  332. 

Lead,  allotropy  of,  312. 

corrosion  of,  318. 

deposition  of,  348. 

in  tin,  353. 

Leduc  effect  in  metals,  318. 

Library  and  Museum,  10. 

List  of  Members,  397. 

Litharge,  platinum  in,  354. 

Locomotive  boiler,  staying  and  tubing,  343. 

Locomotives,  industrial,  non-ferrous  metals  in,  338. 

2f 
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M. 

Magnesium  and  cerium,  alloys  of,  326. 

Magnetic  copper  alloys,  328. 

Magnetic  manganese  alloys,  828. 

Malleable  castings,  galvanizing,  338. 

Manganese  alloys,  magnetic,  328. 

Manganese-bismuth  alloys,  328. 

Manganese,  iron,  nickel,  and  cobalt,  alloys  of,  at  high  temperatures,  326. 

Materials,  testing  of,  359. 

Mechanical  properties  op  metals,  296. 

effects  of  heat  and  of  work  on,  23. 

Meeting,  Annual  General,  1. 
Members,  election  of,  16. 

list  of,  397. 

list  of,  killed  in  action  and  on  active  service  during  the  war,  304. 

Memorandubi  of  Association,  379. 

Metal,  contraction  of,  366. 

Metal  parts,  failures  in,  338, 

Metal  tubes,  drawing,  337. 

Metallic  "fog  "  in  fused  salts,  319. 

Metallic  state,  theory  of,  319. 

Metallographic  research,  appliances  for,  160. 

Metallography,  331. 

Metals  at  low  temperatures,  319. 

coarse-grained,  hardness  tests  of,  359. 

common,  allotropy  of,  312. 

examination  of,  by  X-rays,  317. 

fracturing  of,  by  bursting,  318. 

industrial  applications  of,  331. 

Leduc  effect  in,  318. 

mechanical  properties  of,  296. 

mechanical  properties  of,  effects  of  heat  and  of  work  on,  23 

physical  tests  of,  351. 

properties  of,  in  relation  to  temperature,  44. 

scrap,  368. 

specific  heats  of,  51. 

tensile  tests  of,  at  high  temperatures,  47. 

under  stress,  behaviour  of,  314. 

Metals  and  alloys,  properties  of,  312. 
Micro-chemistry  of  corrosion,  80. 
Microscope,  etching  under,  218. 
Molecular  structure  of  binary  alloys,  324. 
Molybdenum  and  tungsten,  separation  of,  357 
Moulding  sand,  367. 
Muffle  furnace,  347. 
Museum,  10. 

N. 

Navy,  list  of  members  serving  with,  304. 
Nichrome  gauze,  328. 
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Nickel,  electrolytic  estimation  of,  354. 

variation  of  elasticity  of,  with  temperature,  320. 

Nickel-aluminium  alloys,  properties  of,  100. 

Nickel,  aluminium,  and  copper,  alloys  of,  100. 

Nickel  borides,  328. 

Nickel-brass,  329. 

Nickel,  cobalt,  iron,  and  manganese,  alloys  of,  at  high  temperatures,  826. 

Nickel,  copper,  gold,  and  silver,  alloys  of,  327. 

XlCKEL  silver,  rapid  analysis  of,  355. 

Nitric  acid  as  an  etching  reagent,  204,  207. 

Nomenclature  Committee,  7. 

Non-ferrous  alloys,  corrosion  of,  327. 

Non-ferrous  metals  in  industrial  locomotives,  3.38, 

o. 

Obituary  notices,  307. 

Officers,  election  of,  15. 

Oil-gas-fired  furnace,  364. 

Over-voltage,  348. 

Oxy-acetylene  cutting  and  welding,  339. 

Oxy-acetylene  welding  of  aluminium,  333. 

P. 

Physical  tests  of  metals,  351,  359. 
Picric  acid  as  an  etching  reagent,  208. 
Pipe-line  for  corrosive  liquids,  340. 
Plastic  bending,  320. 
Platinum,  analysis  of,  356. 

in  litharge,  354. 

Polish  attack  for  revealing  the  structure  of  alloys,  199,  209,  213,  214. 
Polishing,  dust  removal  in,  366. 

relief,  for  revealing  the  structure  of  metals,  217,  219,  220. 

Potash,  caustic,  as  an  etching  reagent,  205. 

Potassium,  properties  of,  313. 

Potassium  cyanide  as  an  etching  reagent,  213. 

Potassium-rubidium  alloys,  329. 

Precious  metal  bullion,  determination  of  silver  and  base  metal  in,  357. 

Protective  coating  for  iron  and  steel,  340. 

zinc  as,  344. 

Publications,  9. 
Pyrometby,  351,  360. 

R. 

Ram-up  cores,  368. 

Receipts  and  payments,  account  of,  13. 

Relief  polishing  for  revealing  the  structure  of  alloys,  217,  219,  220. 

Report  of  Council,  2. 

Report  of  the  Honorary  Treasurer,  12. 

Resistance  furnace,  347. 
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Riveting  aluminium,  333. 

turbine  blades,  340. 

Roll  op  honour,  304. 

OF  THE  Institute,  2. 

Rubidium  and  potassium,  alloys  of,  329. 

s. 

Salts,  fused,  metallic  "fog  "  in,  319. 

Scrap  metals,  368. 

Seaming  aluminium  sheet  metal,  333. 

Shearing  tests,  359. 

Sheet  brass,  hollow  balls  from,  341. 

Shell,  drawn,  formulae  for  blank  diameters  of,  342. 

shrapnel,  details  of,  341. 

Sherardizing  practice,  342. 

Shrapnel  shell,  details  of,  341. 

Silprax,  369. 

Silicon,  copper,  and  tin  alloys,  analysis  of,  352. 

SiLiT  resistances,  370. 

Silver,  removal  of  sulphur  from,  321. 

Silver  and  base  metal,  determination  of,  in  precious  metal  bullion,  357. 

Silver,  nickel,  copper,  and  gold,  alloys  of,  .327. 

Silver  nitrate  as  an  etching  reagent,  205. 

Silver-plated  ware,  manufacture  of,  342. 

Silver  surfaces,  combustion  on,  316. 

Silver  voltameter,  errors  of,  349. 

Slag  resistance  furnace,  370. 

Soda,  caustic,  as  an  etching  reagent,  205. 

Sodium,  specific  heat  of,  313. 

Sodium  amalgams,  330. 

Soldering,  autogenous,  of  aluminium,  331. 

Specific  heat  of  metals,  51. 

of  sodium,  313. 

Staybolts,  343. 

Staying  and  tubing  a  locomotive  boiler,  343. 

Steel,  acoustic  properties  of,  variations  in,  44. 

Strain  etching,  217. 

Stress,  behaviour  of  metals  under,  314. 

Sulphur,  removal  of,  from  silver,  ^21. 

T. 

Temperature  recorder,  autographic,  860. 

Tensile  tests  of  copper,  effect  of  temperatures  higher  than  atmospheric  on,  292. 

of  metals  at  high  temperatures,  47. 

Tests,  physical,  of  metals,  351. 
Testing  of  materials,  359. 
Thermocouples,  base  metal,  361. 
Thermo-element  installations,  362. 
Theemo-elements  of  precision,  363. 
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Tin,  artificial  twinning  in,  321. 

constitution  of  alloys  of  copper  with,  222. 

electro-deposition  of,  349. 

lead  in,  353. 


Tin  selenides,  330. 

Tin,  silicon,  and  copper  alloys,  analysis  of,  352. 

Titanium-aluminium  bronze,  330. 

Titrations,  electrometric,  353. 

Topographical  Index  to  Members,  436. 

Torsion  tests,  360. 

Treasurer's  Report,  12. 

Tubes,  metal,  drawing,  337. 

Tubing  a  locomotive  boiler,  343. 

Tungsten,  analysis  of,  351. 

Tungsten  and  molybdenum,  separation  of,  357. 

Turbine  blades,  riveting,  340. 

Twinning,  artificial,  in  tin,  321. 


Vacuum  etching,  213,  216. 
Vanadium,  alloys  of,  330. 
Vapour-pressure  of  amalgams,  324. 
Voltameter,  silver,  errors  of,  349. 
Volume  changes  of  alkali  metals,  312. 

w. 

War,  list  of  members  killed  in  action,  and  on  active  service,  304. 
War  Office,  list  of  members  engaged  in  emergency  work  for  306. 
Warped  bearings,  repairing,  340. 
Welding  aluminium,  331,  332. 

electro-percussive,  349. 

oxy-acetylene,  339. 

Wire  products  and  wire- working  machines,  344. 

Wire-working  machines,  344. 

Work,  effect  of,  on  mechanical  properties  of  metals,  23. 


X. 


X-RAYS  and  crystals,  321. 

examination  of  metals  by,  317. 

z. 

Zinc,  allotropy  of,  321. 

as  a  protective  coating  for  iron  and  steel,  344. 

Zinc  and  copper,  o^  alloys  of,  80. 

Zinc  and  manganese  sulphides,  precipitation  of,  358. 

Zinc  in  ores  and  ashes,  358. 

Zirconia,  a  new  refractory,  368. 
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Addicks,  L.,  on  impurities  in  copper  cathodes,  346. 

Anderegg,  F.  0.,  on  errors  of  a  silver  voltameter,  349. 

Andrew,  J.  H.— 

Paper  on  "Some  experiments  upon  copper  aluminium  alloys,"  249; 
diflferences  between  the  equilibrium  diagrams  of  Carpenter  and  Edwards  and 
Curry,  249 ;  method  of  carrying  out  experiments,  250 ;  quenching  experi- 
ments, 258  ;  variation  of  eutectoid  temperature  and  the  position  of  the 
eutectoid  point,  258 ;  evolution  of  heat,  257 ;  analysis  of  alloys,  259. — 
Communications  :  H.  C.  H.  Carpenter,  261 ;  J.  H.  Andrew,  262. 

Archbutt,  L.,  on  appliances  for  metallographic  research,  187. 

on  effects  of  heat  and  of  work  on  the  mechanical  properties  of  metals,  62. 

on  nickel-aluminium  and  copper-nickel-aluminium  alloys,  153. 

Arkwright,  W.  L.  T.,  elected  member,  16. 

Arnold,  H.,  on  analyses  of  tungsten,  351. 

Arpi,  R.,  on  allotropy  of  zinc,  321. 

B. 

Baerwind,  E.,  book  by,  371. 

Baker,  T.  J.,  on  bronzing  processes  suitable  for  brass  and  copper,  296. 

Bates,  E.,  on  corrosion  of  condenser  tubes,  334. 

Batey,  J.,  book  by,  371. 

Bayliss,  T.  a.,  vote  of  thanks  by,  14. 

Bayliss,  Thomas  Abraham,  obituary  notice,  307. 

Bekier,  E.,  on  manganese-bismuth  alloys,  328. 

Benedicks,  C.  A.  F.,  on  allotropy  of  zinc,  321. 

appointed  corresponding  member,  7. 

on  effects  of  heat  and  of  work  on  the  mechanical  properties  of  metals,  62. 

on  effect  of  temperatures  higher  than  atmospheric  on  tensile  tests  of 

copper  and  its  alloys,  292. 

Bernini,  A.,  on  volume  changes  of  alkali  metals,  312. 

BiSSETT,  C.  C,  on  removal  of  sulphur  from  silver,  321. 

Bloomer,  Douglas  Major,  elected  member,  16. 

Borchers,  W.,  books  by,  371. 

BoRMANN,  W.,  on  alloys  of  manganese,  iron,  nickel,  and  cobalt  at  high  tempera- 
tures, 326. 

Bragg,  W.  H.,  on  internal  structure  of  crystals,  321. 

Bragg,  W.  L.  ,  on  internal  structure  of  crystals,  321. 

Breteau,  p.,  on  lead  in  tin,  354. 

Brophy,  J.  P.,  on  shrapnel  shell,  341. 
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Bbuin,  G.  de,  on  specific  heat  of  sodium,  313. 

Burgess,  C.  F.,  book  by,  371. 

BuRGfESS,  G.  K.,  on  effects  of  heat  and  of  work  on  the  mechanical  properties  of 

metals,  65. 
Burrows,  C.  H.,  book  by,  371. 

0. 

Caldwell,  Kobert  John,  obituary  notice  of,  307. 

Cantoni,  C,  on  volume  changes  of  alkali  metals,  312. 

Carpenter,  H.  C.  H.,  on  appliances  for  metallographic  research,  187. 

on  constitution  of  the  alloys  of  copper  with  tin,  244. 

on  copper-aluminium  alloys,  261. 

on  corrosion  of  the  a^  alloys  of  copper  and  zinc,  94,  95. 

on  effects  of  heat  and  of  work  on  the  mechanical  properties  of  metals, 

60,  61. 

on  etching  reagents,  220. 

on  nickel-aluminium  and  copper-nickel-aluminium  alloys,  156,  159. 

remarks  by,  1,  11,  16,  18,  19,  22. 

vote  of  thanks  by,  20. 


Chubb,  L.  W.,  on  electrolytic  insulation  of  aluminium,  345. 

on  electro- percussive  welding,  349. 

Clarke,  J.  W.,  book  by,  371. 
Clarke,  R.  R.  ,  on  properties  of  alloys,  322. 
Clifford,  G.  C,  on  pipe-line  for  corrosive  liquids,  840. 
CocKRUM,  B.  W.,  on  deposition  of  lead,  348. 

on  electro-deposition  of  tin,  349. 

Cohen,  E.,  on  allotropy  of  common  metals,  312. 

on  properties  of  potassium,  313. 

on  specific  heat  of  sodium,  318. 

Cole,  E.  R.,  on  Acheson  graphite,  847. 

Cravens,  G.  W.,  book  by,  371. 

Crofts,  A.  J.,  on  rapid  analysis  of  nickel  silver,  355. 

Crookes,  Sir  William,  book  by,  372. 

Crowther,  Austin,  elected  member,  17. 

CULLis,  H.  E.,  on  corrosion  of  lead,  318. 

Cumberland,  Elliott,  elected  member,  17. 

Cunningham,  J.  C.  J.,  on  copper  in  cupellation,  352. 


Dantsizen,  C,  on  a  resistance  furnace,  347. 
Davis,  Albert  Leonard,  elected  member,  17. 
Desch,  C.  H.,  on  appliances  for  metallographic  research,  184. 

on  constitution  of  the  alloys  of  copper  with  tin,  243. 

on  corrosion  of  the  a/3  alloys  of  copper  and  zinc,  92. 

on  corrosion  of  non-ferrous  alloys,  327. 

on  effects  of  heat  and  of  work  on  the  mechanical  properties  of  metals,  59. 

on  etching  reagents,  218. 

vote  of  thanks  by,  15. 
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Dewey,  F.  P.,  on  determmation  of  silver  and  base  metal  in  precious  metal 

bullion,  357. 
Drinkwater,  Basil  Walter,  elected  member,  17. 
Dunbar,  H.  W.,  on  annealing  brass  for  forming  and  drawing  operations,  334. 

E. 

Eastman,  E.  D.,  on  vapour  pressure  of  amalgams,  324. 

EiTEL,  W.,  on  metallic  "  fog"  in  fused  salts,  319. 

Elmendorf,  a.,  on  tests  on  cast  aluminium,  313. 

English,  Solomon,  elected  member,  17. 

Escard,  J.,  book  by,  372. 

ESTEP,  H.  C,  on  brass  casting  under  modern  conditions,  365. 

on  dust  removal  in  casting,  grinding,  and  polishing  operations,  366. 

Evans,  S.,  on  failures  in  metal  parts,  338. 

F. 

FiSHWiCK,  Ernest  Arthur,  elected  student,  17. 
Fitzgerald,  F.  A.  J.,  on  electro-chemical  investigation,  347. 
Fleury,  p.,  on  lead  in  tin,  354. 

Fr^minville,  C.  de,  on  fracture  of  metals  by  bursting,  318. 
Frey,  J.  H.,  appointed  corresponding  member,  7. 

G. 

Garland,  H.,  appointed  corresponding  member,  7. 

Gaubert,  p.,  on  artificial  twinning  in  tin,  321. 

Gemmell,  William,  elected  member,  17. 

Getman,  F.  H.,  on  reproductibility  of  copper  electrode,  346. 

Ghersi,  J.,  book  by,  372. 

Giebelhausen,  H.,  on  alloys  of  vanadium,  330. 

on  nickel  borides,  328. 

Gill,  Harry,  elected  member,  17. 

Glaze,  J.  B.,  on  small  crucible  furnaces,  347. 

Greaves,  E.  H.— 

Paper  on  "  The  properties  of  some  nickel-aluminium  and  copper-nickel- 
aluminium  alloys."     See  Read,  A.  A. 

GrazebROOK,  Robert,  obituary  notice  of,  308. 

Grunwald,  J.,  book  by,  372. 

Guillet,  L.,  on  properties  of  a  and  a/3  brasses,  325. 

Gulliver,  G.  H. — 

Paper  on  "  The  quantitative  eflEect  of  rapid  cooling  upon  the  constitution 
of  binary  alloys,"  Part  III.  263  ;  calculation  of  the  constitution  of  alloys 
cooled  at  ordinary  rates,  263  ;  comparison  of  calculated  with  experimental 
results,  276  ;  the  effect  of  the  rate  of  cooling  upon  the  proportions  of  the 
phases  when  a  transition  is  involved,  279;  the  change  of  thermal  energy 
during  a  transformation,  284  ;  summary,  289. 

H. 

Hagmaier,  E.  W.,  on  determination  of  copper  in  Babbitt  metal,  352. 

Hallett,  Joseph,  obituary  notice  of,  308. 

Hanemann,  H.,  on  interpretation  of  cooling  curves,  331. 
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Harding,  H.  P.,  on  oxy-acetylene  cutting  and  welding,  339. 

Harris,  Henry,  elected  member,  17. 

Harrison,  E.  P.,  on  variation  of  elasticity  of  nickel  with  temperature,  820. 

Hartley,  F.  W.,  on  production  of  a  fine  skin  on  brass  and  bronze  castings,  334. 

Hartley,  H.,  on  combustion  on  gold  and  silver  surfaces,  316. 

Haughton,  J.  L.,  on  appliances  for  metallographic  research,  186,  191. 

Faiper  on  "The  constitution  of  the  alloys  of  copper  with  tin,"  222  ;  Part  I. 

—Introduction,  222  ;  Part  II. — The  e  constituent,  226  ;  materials  used,  226  ; 

thermal   treatment,    227  ;    annealings    and    microstructure,   230  ;    heating 

curves,   235;    conclusions,    238. — Discussion:    W.   Rosenhain,    243;    C.    H. 

Desch,  243 ;  T.  Turner,  243 ;  O.  F.  Hudson,  244  ;  H.  C.  H.  Carpenter,  244  ; 

J.  L.  Haughton,  245. — Communications :  S.  L.  Hoyt,  246  ;  F.  Johnson,  246  ; 

F.  H.  Neville,  247  ;  J.  L.  Haughton,  247. 

on  etching  reagents,  221. 

Heldermann,  W.  D.,  on  allotropy  of  common  metals,  312. 
Heusler,  F.,  on  magnetic  copper  alloys,  328. 
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on  the  form  following  marked  "  C"  shall  be  given  to  such  member,  and  if  such  subscription 
remains  unpaid  upon  the  date  specified  for  payment  in  this  notice,  the  Council  may  remove  such 
member  from  the  Register  of  Members  of  the  Association,  and  thereupon  any  member  whose 
name  is  so  removed  shall  cease  to  be  a  member  thereof,  but  shall  nevertheless  remain  liable  to 
the  Association  for  such  arrears. 
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